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INTRODUCTION

The Navy's Civil Engineering Laboratory (CEL) has been conducting
tests of conventional drag embedment anchors in a range of seafloor soil
types typical of Navy fleet mooring sites. These tests are being per-
formed to improve the Navy's capability to select and size anchors for
moorings, to improve installation procedures and to enable development
of an empirical scheme to predict anchor behavior.

Tests have been performed in sand at San Diego, Calif., and in mud
at Indian Island, Wash. Results of these tests are described in Reference 1.

This report documents results of instrumented anchor tests conducted
in Apra Harbor, Guam during March 1980. These data are provided for
immediate use by the Navy for selecting and sizing anchors for Guam and
similar sites. Detailed analysis of these and previous data for San
Diego and Indian Island is ongoing and will be completed during early
FY81. Both commercially available and Navy drag embedment anchors were
tested. Only Navy anchor test data are presented; the commercial anchor
data will be the subject of a later report.

The test program is being sponsored by the Naval Facilities
Engineering Command and the Naval Sea Systems Command, Supervisor of
Salvage.

SITE EVALUATION

Site evaluation relied upon data gathered previously by boring and
subbottom profiling and later through coring and in-situ vane shear
testing. Borings taken in inner Apra Harbor during 1964 (Ref 2) show
surface silty clay with coral fragments, of 0 to 40 ft thickness over-
lying stiff clay with coral fragments, sand, coral rubble, or medium to
compact coralline limestone. During 1977, CEL performed a subbottom
profile survey using a 5-kHz profiler (Ref 3). A more detailed survey
was subsequently performed (Ref 4) using a deeper penetrating 3.5-kHz
sound source; survey tracks are shown on Figure 1. Both subbottom
surveys indicated a nearly flat seafloor underlain by a channelled
topography. The area shown on Figure I in the southwest portion of the
harbor was selected as the test site. All tracklines surrounding the
selected area (Figure 2) indicated channels with at least 33 ft of
sediment to the coral or dense sand subsurface. Figure 3 provides more
exact information on barge and anchor test locations within the selected
test area.

In-situ vane shear testing from a vessel-mounted vane shear platform
and engineering analysis of cores taken with a 10-ft piston corer were
planned; however, seafloor conditions were such that cores were not
recovered. Details of the equipment, procedures, and soil analysis are
included as Appendix A. As of this report, soil samples taken off each
anchor had not been received from Guam; their analysis will be included
in a subsequent report.
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The seafloor conditions in inner Apra Harbor were different than
had been expected based upon subbottom profile record interpretations
and upon probings and borings previously taken in support of dredging
operations. Deep channels of soft clay sediment were not located during
the site evaluation with the vane shear device and piston corer. Rather,
the deep channels south of buoy 28 consisted o' corally sand overlain by
soft clay of a few inches to 5 to 6 ft. For these conditions, a cone
penetration device for the corally sand in conjunction with the vane
shear device f , the surficial clay would have provided more acceptable
site data. It is not clear at this time why the site conditions encoun-
tered were different than those expected based upon previous data;
however, this does highlight the difficulties associated with the per-
formance of site investigations and the interpretation of the data.

TEST PROGRAM

Test Anchors

The anchors tested at Guam are listed below:

Nominal Weight
Anchor lb (kg)

STOCKLESS 5,000, 20,000
STATO 1,000, 3,000, 6,000
BRUCE (twin shank) (500)
BRUCE (1,000)
STEVDIG (1,000)
STEVMUD (500) (1,000)
STEVFIX (sand) (640)
HOOK (560)

Dimensions of all tested anchors are provided in Appendix B. A summary
of the anchor tests and anchor test configurations is given in Table 1.

The STOCKLESS anchor was tested with stabilizers and with free and

fixed (fully opened) anchor flukes. The 20,000-lb STOCKLESS anchor is

shown in both tested configurations in Figure 4.
Three sizes of STATO anchor were tested; each anchor was initially

modified by extending the stabilizers according to the tentative recom-
mendations provided by Figure 5. The 1,000-lb STATO with 14-in. T-plate
extensions is shown in Figure 6.

Two types of BRUCE anchor were tested, the standard cast fixed
fluke BRUCE anchor and the new adjustable fluke-welded BRUCE anchor.
Figure 7 shows the cast BRUCE anchor with instrumentation package atop
the shank forward of a multiholed padeye. The welded pad eye was
attached specifically for the Guam test series to evaluate the effect of
cable attachment point on anchor behavior. By moving the attachment
point forward, nearer the fluke, the angle between cable attachment
point and the center of pressure on the fluke is increased, thus, effec-
tively increasing fluke angle. A new 500-kg adjustable fluke BRUCE
anchor was provided for testing. It was similar to the 340-kg welded
BRUCE anchor tested at Indian Island (Ref 1) except the fluke can be
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adjusted for soft and stiff seafloors. Figure 8 shows the adjustable
BRUCE in end and side views. Fluke angle is adjusted at the juncture of
the shank and anchor fluke.

Other high efficiency anchors tested included the HOOK, STEVFIX,
STEVMUD, and STEVDIG anchors. The HOOK anchor, Figure 9, is a movable
fluke anchor designed for use with permanent mooring installations
because it must be lowered in a flukedown orientation. The HOOK anchor
was originally provided to CEL for testing with auxiliary flukes on the
shank just forward of the shackle. They were removed during previous
tests at San Diego because they impeded rather than enhanced penetration.
Two sizes of STEVHUD anchor (Figure 10) were tested. This is a single-
purpose anchor designed with a 50-deg fluke angle for mud seafloors.
The STEVFIX anchor was designed for stiff as well as soft seafloors.
Its fluke is adjustable to 32 deg for stiff and 50 deg for soft seafloors.
In addition, fluke extensions are available for soft seafloors as shown
in Appendix A. Figure 11 shows the STEVFIX anchor in plan view and also
provides a side view to show a plate that has been added to the anchor
crown to fill in the space between anchor fluke and tripping palm. This
was done by CEL in an attempt to promote more rapid anchor keying in
soft seafloors. The STEVDIG anchor, designed for stiff seafloors, was
also tested at its primary 32-deg fluke angle.

Test Procedures and Equipment

The test setup employed at Guam and used previously at San Diego
and Indian Island (Ref 1) is illustrated by Figure 12. A YC barge is
used as the pulling and data recovery platform, and a YFNB barge, with
pusher boat support, is used for test anchor installation and recovery.

Anchor loading was accomplished by a 100-ton hydraulic cable puller

that pulls the YC barge toward the restraint mooring. The test mooring
line consisted of about 340 ft of 2-in. wire and a length of chain sized
for the anchor to ensure horizontal loading at the seafloor at estimated
peak load. The anchor was loaded at about 2 ft per minute and pulled
roughly 50 ft or until the anchor became unstable. The crane barge,
also shown in Figure 12, was attached to the test barge by a 1-in. wire
to aid in barge positioning during installation and recovery. Installa-
tion of the STATO anchor from the YFNB barge is shown in Figure 13.

Each anchor tested was instrumented to determine anchor depth,
anchor shank pitch, anchor roll, and anchor load (see Figure 9). The
load cell is the slender object attached between the end of the shank
and the mooring chain. The instrument package is located on the shank
and contains a pressure transducer to measure anchor depth, inclinometers
to measure shank pitch and anchor roll, all signal conditioning equipment,
and the load cell amplifiers. A hose attached to the pressure transducer
was buoyed off to ensure that its bitter end remained in the water
column to prevent false depth readings. The anchor measurement system
was connected to the instrument shack onboard the YC barge via a 1,000-ft-
long, six-conductor electrical cable. Mooring line load and mooring
line angle at the barge and barge displacement relative to a fixed spar
buoy were also recorded. These data are needed to calculate true anchor
drag distance as well as the contribution of the bottom resting chain to
mooring capacity.
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A more detailed description of the test procedures and equipment is
provided in the report describing anchor tests performed at San Diego
and Indian Island (Ref 1).

RESULTS AND DISCUSSION

Test Procedures

The anchor test procedure employed at Guam, San Diego and Indian
Island was similar and reasonably effective. Problems did occur, however,
with maintaining the integrity of the pressure transducer hose and the
electrical wires to the anchor-mounted instrument pack and to the load
cell. Even though armoured cables were purchased for Guam to resolve
problems encountered at Indian Island, the cable and cable connectors
were often damaged. A more secure method of restraining the cables and
transducer hose and sturdier cables would have improved the data recovery
rate. This particular problem is significant in soft seafloors where
anchor penetration and resulting cable drag is high and in seafloors
like Apra Harbor where coral fragments or rubble are present.

* Anchor Tests

Twenty-three tests of Navy and commercial anchors were completed at
Guam. Results of Navy anchor (STOCKLESS and STATO) tests are described
in this section. Further, data plots, data tabulations and descriptions

4of the data outputs for the twelve Navy anchor tests are presented in
Appendix C. Commercial anchor test results will be discussed in a subse-

*quent report.
Fewer tests were conducted at Guam than planned. High winds were a

continual problem and caused considerable difficulty in maneuvering the
anchor-handling barge. Also, sharp coral fragments frequently severed
the electrical cable at the inception of a test. The anchor then had to
be recovered for electrical cable repair.

Due to a time constraint on the test effort, certain lower priority
tests and some duplicative tests were eliminated from the schedule.
Time-consuming tandem anchor tests were not performed. However, techniques
for installing anchors with welded-open anchor flukes (a requirement for
the inboard anchor in a tandem arrangement, see Reference 1) were
evaluated, and the approach shown in Figure 4a proved to be the simplest.
After the chain is released and stretched out, the anchor is lowered in
its flukedown orientation to the seafloor.

STOCKLESS Anchor. Both 5,000- and 20,000-lb stabilized STOCKLESS
anchors were tested. Table 2 provides peak performance data for each of
the tests. Results of the two tests of the 5,000-lb STOCKLESS anchor
were quite different. This is probably due to the presence of a few
feet of soft clay over the corally sand for Test 1 and corally sand at
the immediate surface for Test 2.

In Test 1, the efficiency of the stabilized STOCKLESS anchor with
48-deg fluke angle, based on the true anchor weight of 5950 lb, was
3.5; based on nominal weight of 5000 lb, it was 4.2. Total mooring
load was 36,400 lb which shows that about 2,300 lb of chain was holding
15,000 lb. This large chain effect occurs once the chain is pulled into
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the seafloor, and was also seen in the tests at San Diego and Indian
Island (Ref 1). A large part of the chain effect should be considered
as part of true anchoring capacity. This effect is being evaluated in
more detail as part of the ongoing effort to develop a scheme to predict
anchor holding capacity as a function of the seafloor's engineering
properties. Results of Test 2 for the 5,000-lb STOCKLESS anchor were
significant because anchor efficiency was 9.9 with a fluke angle of
48 degrees, which is often not suitable for competent seafloors. At
peak load there is very little chain on or in the seafloor; thus, the
67,600-lb peak line load is essentially the true anchor holding capacity.

The 20,000-lb STOCKLESS anchor with a 48-deg fluke angle exhibited
an anchor efficiency of about 5 for both fixed and movable fluke condi-
tions. Without the instrument package on the anchor, it was difficult to
tell the distance the movable fluke version took to key into the seafloor,
but an estimate is about 5 to 10 ft. The seafloor conditions for all
four 20,000-lb anchor tests were similar with one exception; the thickness
of the soft clay over the corally sand decreased in a southerly direction.
It varied from 5 to 6 ft for Test 20 (20,000-pound STOCKLESS with fixed
flukes) to 0 ft for Test 23. One test of the STOCKLESS anchor (Test 21)
occurred too near the edge of the test sediment channel because it
appeared the anchor hooked a coral outcrop. However, the anchor broke
free and soon embedded into the corally sand.

Near the northern part of inner Apra Harbor, the surface sediment
is predominantly soft clay varying in thickness from 0 to 40 ft. Typical
STOCKLESS anchor performance would probably more nearly approximate
Test 1 behavior. To ensure that this behavior is at least equalled, the
anchor flukes should be welded fully open, otherwise they may not open
in the soft sediment and would result in an anchor efficiency closer to
2 than 4 (Ref 1). The massive STOCKLESS fixed-fluke anchor did not seem
to be affected by the surficial clay and the movable fluke STOCKLESS
anchor had no difficulty in penetrating the corally sand. The STOCKLESS
.achor with welded-open flukes (48-deg fluke angle) should satisfy the
majority of inner Apra Harbor needs.

STATO Anchor. The 1,000-lb STATO was only tested once because its
stabilizer broke off during its first test and there was not sufficient
time to fabricate another one. The peak mooring line load was 20,000 lb,
of which about 15,000 to 17,000 lb would be the true anchoring load once
the chain effect was eliminated. The most notable feature of this test
was that the STATO with mud palm extensions was pulled almost 40 ft
before significant load buildup. The seafloor surface at this test
location was soft clay.

The 3,000-lb STATO was first tested with a 50-deg mud fluke angle;
this was ineffective for it yielded an anchor efficiency of only 4. The
fluke angle was changed to 32 deg, and the anchor was retested. The
peak mooring load increased from 25,000 to 61,000 lb. At 61,000 lb, the
anchor began to roll, and the test was stopped to avoid electrical cable
damage. The final test of the 3,000-lb STATO was with a 1-1/2-in, wire,
100 ft long, between the anchor and mooring chain. Total mooring load
increased slightly to 63,700 lb. Basically, the anchor with wire or
chain at its shank behaved similarly in the Apra Harbor corally sand
seafloor.

5



The 6,000-lb STATO was tested twice with the anchor flukes set at
34 deg and with extended stabilizers for the first and with normal
stabilizers for the second test. The first test was stopped at an
anchor load of 40,000 lb when the anchor started to rotate. When the
anchor was recovered, one stabilizer extension was missing. This probably
contributed to the initiation of anchor rotation. This anchor was
pulled for almost 35 ft before digging into the seafloor, then it dug in
quite rapidly. Peak mooring line load for the second test of the 6,000-lb
STATO was 106,900 lb. At about 80,000 lb, the anchor started to rotate
while building up load. It appeared to stabilize at about 37 deg
rotation; however, the test was stopped to avoid cable damage.

The unusually long drag distances for the STATO anchor, both 1,000-lb
and 6,000-lb size (refer to Appendix C, Tests 3 and 18), are attributed
to the very soft surficial clay overlying the competent corally sand
subsurface at the site of these tests. It appears from the data for
Test 18 (6,000-lb STATO) that the anchor penetrated (or sunk into) the
soft clay and was dragged over the harder substrata for a considerable
distance until it dug in. The heavy, inefficient STOCKLESS anchor with
fixed fluke did not have difficulty embedding in this same seafloor.

An inadvertent test of the 9,000-lb STATO back leg anchor occurred
when it was dragged for over 150 ft without setting at about 30,000-lb
total load. The 5,000-lb STOCKLESS anchor that was being tested (Test 1)
remained fixed while the 9,000-lb STATO was dragged. When the STATO was
recovered, it was found that the anchor crown wire was loosely hung
under one anchor fluke. That wire was sufficient to prevent the fluke
from embedding. This problem plus the unpredictable behavior of the
STATO anchor in inner Harbor at Guam makes it necessary to verify anchor
capacity by proofsetting (testing to design load) prior to use. This
recommendation applies to all the high efficiency anchors tested at
Guam. High efficiency anchors are much more sensitive to seafloor
conditions than less efficient but more predictable anchors such as the
STOCKLESS anchors.

SUMARY

The series of tests at Guam with Navy STOCKLESS and STATO anchors
and with various commercially available high-efficiency drag anchors
concludes the field experimental phase of a project directed at improving
the Navy's capability to select and size anchors for Fleet moorings.
Results of these and previous tests, and tentative recommendations
concerning necessary anchor modifications to improve anchor performance,
are being provided for immediate use by the Navy for selection and
sizing of anchors for the specific test sites (Guam, San Diego, Indian
Island) in addition to sites with similar seafloor conditions. These
data provide the basis for the eventual development of a scheme to
predict anchor behavior as a function of soil engineering properties.
This project will be completed during 1981.

6
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CONCLUSIONS AND RECOMMENDATIONS

The recent anchor tests at Guam and the previous tests at San Diego
in sand and at Indian Island in mud highlight the significant dependence
of high-efficiency anchor performance on seafloor soil characteristics.
There are several recommendations, in decreasing order of effectiveness,
that can be used for determining anchor capacity and suitability.
Anchor proof setting is the safest method of ensuring the ability of an
anchor system to satisfy design loads. Use of historical test data, such
as that described in this report, provides suitable design information
for that test site. Reliance on tests of smaller-size anchors in con-
junction with information on the sediment characteristics is also a
reasonably acceptable method of anchor design. Determination of anchor
performance from knowledge of the engineering soil characteristics (soil
strength, soil type, soil profile) is undergoing development and ultimately
will provide a reasonable basis for design. The least reliable method
of selection and of determining suitability is on the basis of available
design charts without in-place verification that the anchor is properly
set. If this method is employed, and it is often the only available
option, then a factor of safety of two should be applied to the mooring
design load for anchor selection based upon existing design charts or
advertising literature.

Some specific conclusions and recommendations regarding Navy Stockless
anchor and STATO anchor performance in inner Apra Harbor, Guam, are
provided.

1. About 5 to 6 ft of soft surficial clay did not prevent the 20,000-lb
STOCKLESS anchor with fixed fully opened flukes from penetrating the
harder corally sand subsurface, thus illustrating the less sensitive
nature of higher mass, low-efficiency anchors to site conditions.

2. The movable fluke STOCKLESS anchor (48-deg fully opened fluke angle)
had no difficulty in penetrating the uncovered corally sand. The density
of the corally sand in inner Apra Harbor is not sufficient to require a
reduced fluke angle of 35 deg commonly recommended for sand to enable
penetration.

3. A STOCKLESS anchoring efficiency of four based on nominal anchor
weight is recommended for inner Apra Harbor. The STOCKLESS anchor
should be stabilized, have a normal fluke angle of 48 deg, and in areas
where surface clay cover is greater than 5 to 7 ft, the flukes should be
fixed fully open to ensure proper keying without proof setting. Available
data suggest that keying problems with the STOCKLESS could occur north
of buoy 28. Soft sediment cover seems to increase to the north in the
inner harbor.

4. The performance of the STATO anchor in inner Apra Harbor was erratic,
apparently due to the surficial soft clay. The presence of soft clay
over a stiffer substrata appears sufficient to retard anchor penetration
into the substrata. This problem makes it necessary to proof-set the
STATO or other high-efficiency anchors in inner Apra Harbor or in similar
areas with soft sediment overlying a stiffer substrata.

p 7
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5. High-efficiency anchors are more sensitive to seafloor conditions
than less efficient, but more predictable STOCKLESS anchors. The seafloor
conditions in inner Apra Harbor are more suited to the less sensitive
STOCKLESS anchor; thus, the STOCKLESS anchor is recommended for inner

* harbor Fleet mooring use.
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Inner APRA Harbor, Guam

25N

25S

N 26W 426E

E

I I I 27E4

buoy location (typ) / T-'. ./ / 
)

I , I ", - v

- burried channel / 2SF
>1Om. sediment

- - - partial tracklines */ Iarea
for sub-bottom l ,/ , /
profile / / I 1

it ~fIiii I I

1O1000fee t---

Figure 2. Results of subbottom profile survey using 3.5kHz sound source.
(after Ref. 4.)
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buoy location (typ)
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following last test
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Figure 3. Location of anchor tests and mooring buoys as surveyed during
the anchor tests. Apra Harbor outline form PWC Drawing 15 545.
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a. With stabilizers and fixed flukes.

b. W4ith %tahilzer% and movable flukes.

Figure 4. Navy STOCK LESS anchors.
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Figure 6. 1000-lb STATO anchor with extended stabilizers.

I

Figure 7. 1000-Kg BRUCE anchor with multi-holed padeyc atop shank.
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a. Side view.

V.

b. End view.

Figure 8. 500-Kg twin-shank BRUCE anchor.
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Figure 9. 560-Kg HOOK anchor.

!i

Figure 10. 1000-Kg STEVMUD anchor.
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APPENDIX A

Apra Harbor Site Conditions

SITE EVALUATION

Site evaluation relied upon existing boring and probe data, on sub-
bottom profiling gathered previously, and later through coring and in-
situ vane shear testing performed during the anchor test period. Borings
taken in inner Apra Harbor during 1964 (Ref 2) showed surficial silty
clay with coral fragments of O-to-40 ft thickness overlying stiff clay
with coral fragments, sandy coral rubble, or medium to compact coralline
limestone. During 1977, CEL performed a subbottom profile survey using
a 5 kHz profiler (Ref 3). A more detailed survey was subsequently
performed (Ref 4) using a deeper penetrating 3.5 kHz sound source. Both
subbottom surveys indicated a nearly flat seafloor underlain by a channeled
topography. Most areas of apparent deep sediment were primarily small
pockets or narrow channels not sufficient in size to run a significant
number of anchor tests. South of buoys 28E and 28W, however, the 3.5
kHz data showed an extensive area where at least 33 ft of sediment
overlayed the coral or dense sand subsurface. A large area was also
indicated by the 5 kHz profiles. This area was selected as the test
site to eliminate or limit time-consuming resetting of the back leg
mooring.

During the site investigation it became apparent that the mooring
buoys were not in the locations shown on the profiler maps or in the
locations shown on the most up-to-date Public Works Center charts. The
mooring buoys were known to have been displaced as a result of a recent
typhoon. The locations shown in Figure A-I are believed to be more
accurate, although not exact, than those currently available on other
charts. (The location of buoy 28E and the alignment of buoys 26W, 27W,
and 28W are distinctly different than shown on other charts.

Data on the sediment conditions were to be gathered by taking and
examining conventional piston (or gravity) cores, by recovering sedimentfrom locations of high interest adjacent to anchor flukes and chain -

through a number of experimental methods (described in the text), and by
using unique in-situ field vane shear equipment. Shear strength variation
with depth was considered the primary parameter of interest. Water
content variation, soil desnity and the existence of layers or location
of significant changes in soil conditions, as well as general soil
classification, were also considered important.

It became apparent shortly after the testing began that the soft
sediments were not as deep as had been indicated in previous surveys.
Figure A-I shows those areas in which all tests were conducted. There
appeared no reason to believe other areas shown by the profiler data
would be more suitable. Time and support craft limitations did not
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allow for more than one or two complete realignments of the test setup.
Therefore, it was decided to complete the test effort at the initial
sites indicated on Figure A-I.

Significant changes were made in the planned type and amount of
site investigations as a result of the unexpected site conditions. Much
of the intended sampling could not be accomplished. Individual tests
are discussed briefly below, with data presented in the accompanying
figures and tables. It is noted that as of this writing, the soil
samples taken at Guam have not yet been examined. A full analysis of
the samples and the implications of the results of the analysis on
anchor performance will be the subject of a future report.

VANE SHEAR TESTS

The in-situ vane shear testing equipment is shown in Figure A-2
during use. The equipment is a Jonell & Nilsson device of Swedish
manufacture designed to take vane shear, cores, and penetrometer Jata on
land. The device was borrowed from the United States Geological Survey
(Menlo Park, CA). It is not known to have been used previously for
testing "through" a water column. A collar guide was constructed to
prevent instability in the unsupported length of rod. The support frame
was welded onto the side of a pusher boat, and the tests were run while
in a three-point mooring. It is apparent from these tests that in-situ
tests can be conducted without significant loss of data quality in
shallow water despite strong wind and harbor chop. Three tests were run
at the locations shown in Figure A-I. The data are plotted in Figure A-3.
In each case, the vane was advanced in the soil until it would not
penetrate further without significant tendency to bend. The reduction
in shear strength below 5 ft in VS-3 is believed to be a true
reflection of material change of state (based on a similar reduction in
resistance to penetration between 5 and 8 ft).

Hand-held vane shear tests were made on five samples brought back
by tube samplers (Figure A-4) and at 10 to 15 locations within the mass
of sediment brought back on the 9,000-lb STATO back anchor (Figure A-5).
Data from these tests will be presented when examination of the samples
and equipment can be made.

GRAVITY CORING

The piston corer shown in Figure A-6 was used as a gravity corer in

Apra Harbor. Two cores were attempted before coring was abandoned due to
poor results. The first core attempted resulted in loss of the barrel
and lower assembly. The core tip apparently struck a hard surface,
shearing all connecting barrel screws. The second attempt was successful
at the location shown on Figure A-I. While penetration was 9.2 ft,
recovery was only 25 percent. The material in the barrel (Figure A-7)
was highly disturbed, and a large coral chunk blocked the lower end of

•~ J the core. These results were not considered valuable enough to warrant
further coring of this type.
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TUBE SAMIPLING

"Tube sampling" is used here to describe a number of sampling
attempts using 1.3-in, diameter stainless steel samplers. These samplers
were equipped with a flexible membrane which would allow sediment to
flow through the tube during sampler penetration of the seafloor, then
would collapse to close off the tube and prevent sediment from flowing
out when the sampler was retrieved. The tubes were attached to a steel
rod (as shown in Figure A-4), to chain links along the anchor chain, and
to parts of one anchor. The tube samplers worked when used with a rod,
but invariably broke off the chain and anchor (despite two steel
clamp bands).

The samples taken with the rod-attached tube (shown in Figure A-1
as RS-1 and RS-2) were used to obtain soil water contents at the identified
shallow sediment locations. These revealed the very high water contents
shown in the top 18 inches of sediment on Figure A-B.

OTHER TESTING

Water content determinations were made on samples taken from several
anchors. These data show water contents of between 45 and 60 percent,
but are not identifiable as to sediment depth of origin. The data
likely lie within the rectangle shown on Figure A-B. All water content
data are shown in Table A-I.

Samples were taken for visual and laboratory classification from
each of the anchor types following recovery. These samples, as previously
mentioned, have not yet been analyzed. However, Atterberg Limits were
run on two small samples. These were taken from beneath the fluke of
the STEVDIG anchor (Test 17) and from behind the shank of the Twin-Shank
BRUCE anchor (Test 12). The depth of origin of the sediment is unknown.
The computed Atterberg Limits are shown below. In the absence of any
grain size data, these tests and visual classifications indicate an
inorganic silt-sized structure of moderate-to-high plasticity.

Liquid Plastic Plasticity
Limit Limit Index

STEVDIG 91.3 44.0 47.3

4BRUCE 58.7 28.7 30.0

Figures A-5 and A-9 offer some feel for the material type presentTIin the area of anchor testing. The material at the deepest depths to
which the tested anchors penetrated was revealed by trapped material
behind the stabilizers or other anchor parts. Figure A-6 shows a matrix
of clay-like material (probably with a high percentage of silt-sized
grains) with broken coral tubes and other coral chunks being washed off
the anchor. This was characteristic of many of the tests. In Figure A-7,
the large mass of soil was 28 in. thick and practically devoid of
coral pieces, although there were many small shells. Although this cam
from the 9,000-lb STATO back anchor, south of the test area, it is
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probably similar to the material in the test areas which lie above the
coral-laden sediment. This conclusion tends to be confirmed by the tube
samples taken at several locations.
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VS I - vane shear test no. 1
RSl - "rod sampler" test no. 1

* VS3 

25

mooring buoy tp25

26W,O, 1026E

28W S

$gravity core28

RS

buo

1000 feet

Figure A-1. Location of anchor tests, equipment and soils tests. Mooring buoys shown were
surveyed during tests. Apra Harbor outline from PWC Drawing 15545.
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Figure A-6. Gravity corer being readied for drop.

Ki Figure A-7. Lower portion of 28-in, of material recovered on second

gravity core attempt.
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Appendix B

DIMENSIONS OF ALL TESTED ANCHORS

Dimensions for all tested anchors are included in this Appendix.
Schematics for each anchor as well as the actual anchor dimensions are
given in Figures B-1 through B-8.

I
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0A

Nominal Anchor Dimensions (in.)
Weight

(Ib) A B C D E F G H I

500 29-3/4 26-7/8 37-1/4 7-5/8 8-1/2 . . .. .
1,500 43 38-3/4 53-5/8 11 12-1/8 . . .. .
3,000 54-1/8 48-3/4 67-1/2 13-7/8 15-3/8 11 30 1/2 13
5,000 64-1/8 57-3/4 80-1(8 16-1(2 18-1/4 13 36 1(2 16
6,000 67-7/8 62-9/16 85-1/16 17-3/8 19-1/8 14 36 1/2 16
7,000 71-7/16 65-7/8 89-9/16 18-5/16 20-1/8 15 36 1(2 16
9,000 78-1/16 703/8 97-1/2 20 22-1/8 16 36 3/4 16ii10,000 80-1/2 74-3/16 100-7/8 20-5/8 22-11/16 17 36 3/4 19

13.000 87-7/8 79-1/8 109-3/4 22-1/2 24-7/8 18 40 3/4 19
14,500 90-7/8 83-3/4 114 23-1/4 25-5/8 19 40 314 21
18,000 98-3/8 90-3/8 122-3/4 25-1/4 27-3/4 20 45 1 21
20,000 101-7/8 91-3/4 127-1/4 26-1/8 28-7/8 21 45 1 21
25,000 109-3/4 98-7/8 137-1116 28-1/8 31-1/8 22 48 1 22
30,000 116-5/8 107-1/4 145-5/8 29-13/16 33-3/11 24 50 1 23
40,000 127-3/4 117-13/16 160-1/16 32-11/16 36 27 36 1-1/4 26

Figure B-I. Dimensions of standard STOCKLESS anchor.
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F

4, B

G x A' - S ...7 ......... IEI

C O

A

Nominal Oimens;ons of Anchors (in.)

Weight

(Ib) A B C D E F G H I

200 23 25 10 42 2 9-1/2 23 6 59

1,000 28 43 75 80 - .. 28 - 80
3,000 41-1/2 69 18 129 4 19 41-1/2 13 109-1/2
6,000 55 82 24 144 5 21 55 15 143

9,000 62 96 27 160 6 27 62 16 170
12,000 69 108 30 186 7 30 69 18 197
15,000 76 121 33 205 8 32-3/8 76 20 224I -

Nominal Thickness of Plates (in.)

Weight

(Ib) 1 2 3 4 5 6 7 8 9 10

200 1/4 1/2 1/4 1/4 1/4 1/4 1/4 1/4 x 4 1/4 1/2

3,000 1-1/4 1 1/2 5/8 518 5/8 5/8 1/2 x 6 5/8 5/8

6,000 1-1/2 1 1/2 3/4 3/4 3/4 3/4 5/8 x 7 3/4 3/4

9,000 1-3/4 1-1/8 5/8 7/8 7/8 7/8 7/8 3/4 x 7 7/9 7/8

12,000 2 1-1/4 5/8 1 1 1 1 3/4 x 7 1 1

15,000 2-1/4 1-112 5/8 1-1/8 1-1/8 1-118 1-1/8 3/4 x 7-1/2 1-1/8 1-1/8

Figure B-2. Dimensions of Navy STATO anchor.
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Appendix C

STOCKLESS AND) STATO ANCHOR TEST DATA

All test results at Guam for the STOCKLESS and STATO anchors are
included in this Appendix. Data are presented as plots and digitized
listings of anchor performance. Anchor and deck tension, anchor crown
penetration, chain weight on bottom, anchor shank pitch and anchor roll
are plotted as functions of true anchor drag distance. Presented opposite
each data plot is a digitized listing of all plotted data plus additional
descriptive data that may be useful during data analysis.

When data were not recovered due to instrumentation difficulties,
straight lines with zero ordinates were plotted. There were several

$ instances where sharp coral pieces cut the electrical cable part way
through a test, thereby eliminating all underwater anchor data.

The lower block of all data plots provides anchor tension, deck
tension, and chain weight on bottom. The difference between both tension
measurements is attributed solely to chain drag both on and in the
seafloor.

The center block of the data plots provides anchor/shank roll.
Shank pitch is plotted as a positive angle when shank tip is below shank
crown. Both shank pitch and anchor/shank roll are limited to about
t45 degrees due to inclinometer limits. Anchor crown penetration is
plotted in the top block versus anchor drag distance. During portions
of some tests the wire between test barge and YFNB barge (refer to
Figure 12) became taut due to high winds, causing a temporary reduction
in test mooring line tension with no apparent reduction in anchor tension.
This reduction is associated with a reduction in mooring line angle and
an increase in chain weight on bottom.

Of the tabulated data presented opposite the data plots, item 13,
fluke tip depth, should be ured with caution. In sand, fluke opening is
obvious; there is a sudden increase in shank angle associated with a
gradual increase in anchor tension; however, fluke opening in mud is not
obvious, but it can be assumed if anchor penetration continues.
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STOCKLESS ANCHOR TEST

TEST DATE 79
TEST NU. I
TEST RUN C
TEST AREA INNFk APRA HAkBOk, GUAP.
START-Ei TINmS 13'.] - 141d
SEAFLCOR TYPE
ANCIPCw TYPE STCCKLLtS 5000 L1S STAbILIZED. 48 DEG FIXEC FLUKES
ANCH0Oc -t I GT 5iSO0.nU Ld].
FLUKE AKGLE-TYPE. 45.C0 JE(,. - I O-mOV I-FiX
I-CCRING LINE JkSCRIPTIJN 19t FT. 1.25 IN. CHAIN, 340 FT. 2 IN. IIkC ROPE.

1. CkAu DISTANCE 5. xrTATIUN AN(CLt 9. CHAIN LENGTH UN BOTTO- 13. ANCHOU FLUKE TIP DEPTI
2. ULCA 1 NSItON b. SHANK ANGLE 1G. CHAIN *EIGHT ON BOTTOM 14. WATER DEPTH
3. ANL0i-I T[N3IU 7. nIkE ROtPE ANSLE 11. ANCHOR CkCwk 0EPTH 15. TOTAL BGTTOM WEIGHT

PAC'(AGE -D'PTH d. GECK 14'jkl1. FOWCE 12. ACilk SHANK TIP DEPTH

I 2 3 5 6 1 c '1 10 11 12 13
FE tEI KIPS KIPS F5ET DEC ( t: )f G x I PS FEET L8S FEET FEET FEET I

C.c 6.3 4. 5 40.0 .5 -32.3 20.3 5.9 1d5.a 751d.3 41.3 37.9 112.6
1.C . pt 5.0 40.5 .5 -32.3 ?C.3 6.4 1el. 7 7350.1 41.8 38.4 43.1
4.1 4.4 '.5 40.5 .5 -32.3 2'.5 4.0 243.C 7891.2 41.8 38.4 43.1
5.1 b.3 . 4 0.5 .5 -32.3 22.0 5.0 Z13.b 7702.4 41.d 38. 4 43.1

b.) 4.5 40.r .t -32.3 20.0 5.) ldb.9 7544.2 41.3 37.9 42.6
4. .7 1 4.b ') 11.5 -. 7 -3C.3 17 . 9.1 I. f b741.8 40.7 37.5 42.2

9.2 IU.d 1.0 41.5 -1.5 -20.3 3 9.d 169.3 6849.1 42.3 40.1 44.6
12.1 1J.t, 9.0 41.5 1.8 -15.5 15.8 13.1 148.b 6011.4 42.1 40.4 44.7
1Z.4 ic. 1 Z.O 39., 1j.0 15.5 12.3 19.4 81.9 3311.9 38.9 40.5 43.0
14.' 3f.4 /1.0 -3.8 20.s 11.8 35.7 56.4 2282.5
15.2 Zo.z L9.) 38.5 -17.8 19.5 10.8 ?b.6 105.4 4266.1 37.7 39.8 42.0
1. 115.6 15.5 41.0 -15.0 19.3 14.5 15.1 143.b 5811. 40.2 42.3 44.5

CISTANLE dARO. TkAVELLED 21.0
CISTANCt ANCHGK TRAVELLED 19.2

NOTE - POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOW
CROWN

.I

... . . ",.. . .. .



0aj # -79 INNER APRA HARBGRA GUAM.
Test No. - 1 stockLess 5000 Lbs stabLLLzed, 'i8 deg
Test S; r'.es No. - 0

-10.0*

-8.9 LEGEND
-6.9 0 - Crown Penetrat ion

-. 0 1 Shank TLp Penetrat'lon
-2.90.~

0) 0.9-
2.0 --

6.0-

8.9-

0.0 S.0 19. 0 15.0 20 25.0 30.0 35. 0
EET LBS
0.0 13468.3 50.0

.0 13300.1 LCN
0.: 0 13841.2 40.9 EGN
0.0 13b52.(I
0.0 13494.2 30.9 - Shank RoLL
0.0 12691.8 20011 - Shank PLtch
0.0 12799.1 20.9-- ---
0.0 11961. * )
0.0 a21. ) 10.09

0.0 10216.1
0.0 11161.2 0.) -10.9-

C3-20.9-

-30.09 - -- ----

-49.9-

0.09 5.9 160 15.9 20.9 25.0 30.0 35.0

100.0-

90.09 LEGEND
80.0o ChaLn Wei 'ght on Bottom
80.9 -Anchor Force

70.3- D eck Force
u) 60.09

2: 50.09

30.9-

20. 9

10.93

00 S30 26.0 25.0 30 .0 T3. 0

9nchor Drag DLstance
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APRA HAPRBOR, GUAM.
stockLess 5000 Lbs stabLLLzed, 48 deg ?xed fLukes

LEGEND
nPenetrot.on

k TLp Penetrati.on

S !I I I ! I II

10.0 15.0 20.0 2S. 0 30.0 35.0 40.0 4,5.0 SO.0 S5.0

END
k RoLL
k PLtch

I I I III I I I I

10.0 1. 0 20.0 25.0 30.0 3S.0 43.0 45.0 50.0 SS.0

LEGEND
,Ln We%..ght on Bottom
rhor Force
Dk Force

10.3 15.3 .0 25. 30.0 35.0 40. is. 50 55.
9lnchor Drag OLstance 47MpJ



STOCKLESS ANCHOR TEST

TEST DATE 79
TEST NO. 2
TEST RUN 0

TEST AREA INNER APRA HARBOR* GUAM.

START-END TIMES 144 - 1502
SEAFLOOR TYPE
ANCHOR TYPE STOCKLESS 5000 LBS STABILIZED, 48 DEG FIXED FLUKES

AC0-0R wEIGHT 5950.00 LB.
FLUKE ANGLE-TYPE, 48.00 DEG. - 1 O-MOV I-FIX
POORING LINE OESCRIPTIOh 186 FT. 2.25 IN. CHAIN, 340 FT. 2 IN. IwRC ROPE.

1. DRAG DISTANCE 5. rOTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN %EIGHT ON BOTTOM 14. WATER DEPTH

3. ANCHOR TENSION 7. NIRE RO3PE ANGLE 11. ANCHOR CRONN DEPTH 15. TnTAL BOTTOM WEIGHT

4. PACKAGE DEPTH 8. DECK HORIL. FORCE 12. ANCHOR SHANK TIP DEPTH

1 z 3 4 5 ) 7 8 9 10 11 12 13 14

FEET KIPS KIPS PEET DEG DEG DEG KIPS FEET LBS FEET FEET FEET FEE

0.0 I1 7.5 0*4** 8.0 -7.8 15.0 9.9 114.6 7063.6 ***** 4*** **4* 40.

2.0 1.h 10.0 s*#* 1.0 -4.8 14.3 13.2 15.1 6355.4 *** *4** 44444 40.

3.3 18.5 11.0 00** 3.5 4.5 12.5 18.0 141.1 5707.9 *#**4 444* 0*4** 40o

5.2 25.3 1.0 0*40* 5.5 18.0 11.5 24.8 115.3 4666.7 ,**4 **4* *444* 40.

6.9 33.0 2h.0 ,*4*4 14.5 19., 10.5 32.5 91.0 368Z.7 **4* *4*44 *444 40.

8.9 1. 6 22.C *4** 10.5 11.5 I. P10 .1 103.2 4175.5 4** *444* 44*** 40.

11.1 41.et 3h.0 4*04 Il.3 13.3 IC.c 46.9 35.5 1434.8 s**$* **** *44 40.

12.f 36.9 25.5 **4 12.5 8.3 10.u 36.4 81.3 3291.4 *044* **4 *44 40.

14.c 42.6 3).0 7**44 1.5 5.0 10.0 42.1 '6.3 2278.1 *#** *4*4* 444*4 40.

1b.8 53.0 40.0 44*4 !.0 5.1 9.5 52.2 23.p 96?.l ***** 4*4w 4*4#* 40.

15.9 57.3 45.5 4*4* 5.3 9.1 ,.5 56.6 5.9 240.2 **04* *444* o*** 40.

20.8 40.3 28.5 4444* 7.3 13.0 10.0 39.1 h6.7 2700.6 4*4* **4* 4*4*4 40.

22.3 j1.6 22.5 4*4*4 b.3 0.0 10.0 31.1 104.3 4219.b **** #**4* 4*4*4 40.

24.9 24.3 ?0.0 *4*00 7.6 -1.' 11.3 24.3 120.4 4869.1 4*4* * *4** *04** 40.

26.6 Je. 0 3.5 *4* 7.0 -7.5 10.0 35.4 85.5 3460.1 **4 *4444 *4*$* 40.

28.5 3. 4 35.5 4*44 5.3 -4.5 . 39.3 75.1 3038.b 0*0* *0*0* *s4*4 40.
30.8 47.6 4L.0 4#0* 4.8 -3.8 9.8 46.9 40.5 1639.5 *4*44 *4*** 0*4* 40.

32.5 51.1 44.5 **4o* 2.3 -1.0 9.3 50.8 35.2 1424.5 *4***4 40.

33.7 c1.6 59.0 **4* -. 5 4.5 6.0 6b.9 7.5 303.b 0 *44* 444*4 40.

35.7 t8.0 56.0 4*4** .6 8.0 8.0 67.4 5.8 236.0 4*44* 4*4** 4*4*4 40.

DISTANCE BARGE TRAVELLED 38.0
CISTANCE ANCHOR TRAVELLED 35.7

NOTE - POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOW

CROWN

8I

i /48
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DaS - 79 INNER APRA HARBOR, GUAM.
Test No. 2 tockLess 5000 Lbs stabLLLzed, 48 deg _
Test SerLes No. 0

-10.01

-8.0 LEGEND
-6.0 Crown PenetratLon

-6 Shank TLp PenetratLon

-2.0

S0.0 a3 Is Is Is a Is a a 3a a a a a a...
_ 2.0

4.0

6.0

8.0

10.0 , , ,
0.0 5.0 10.0 15.0 20.0 25.0 30.0 3S.0

LeS
0 13013.6 50.0
o 12305.4
S116 57.:9 40.0 LEGEND
0o 161 - Shank RoLL
o 9632. 30.0
o 10125.- Shank PLtch

o 7 384.8 20.0-
o 924L1.4 0)

0 6 9 10 .1 L 0 .0 . .. ..... .. ........... .. .... ........... ............ ........ .... - ..... .. .. . .. . . . _ - .......

o 8650.6 O-10.0
o 10169.6 t
o 10819.7 -20.0

o 9410.1
o 8988.6 -30.0
o 7589.5
0 7374.5 -40.0
o 6253.6
o 6186.0 50.0 I I I

0.0 5.0 10.0 15.0 20.0 25. 0 30.0 35.0

100.0 LEGEND
90.0 0- ChaLn WeLght on Bottom

80.0 A nchor Force
70.0 - - Deck Force

3" 0.03 !N..--.20.0-

P o-o ,I-.' ' IN,, \""" ---.

20.0 'A M-*

0.0 5.0 l.0 1.0 20.0 2S.0 30.0 35.0

9nchor Drag OLstance

-.... . . -- - L .... .. . .. ... .. -. ---.-----..---,, ' J- ',. . . . ..



IF'APRA HARBOR, GUAM.
stockLess 5000 Lbs stabLLzed, 48 deg fLxed fLukes

LEGEND
Penetrat Lon
TLp PenetratLon

- . 1 • ,.,, -, ,.. ,., .. .. ................. .. ... ..

10.0 15.0 20.0 25.0 30.0 35.0 40.0 45. 0 50.0 55.

ND
k RoLL
k PLtch

......................................... ............................................................................

10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 S;.0 S5.0

LEGEND
tn We Lght on Bottom

or Force
Force --

. \V

-, , - ,,- -,

10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.,

9nchor Drag Otstance



STATO ANCHOR TEST

TEST DATE 79

TEST NO. 3
TEST RUN 0
TEST AREA INNER APRA HARBOR, GUAM.

START-END TIMES 1735 - 1755
SEAFLCOR TYPE
ANCHOR TYPE STATO 1000 LBS, 40 IN STABILIZERS, 50 DEG MOVABLE FLUKE!
ANCI-OR WEIGHT 1070.00 LB.
FLUKE ANGLE-TYPEt 50.00 DEG. - 0 0-MOV I-FIX
MOORING LINE DESCRIPTION 186 FT. 2.25 IN. CHAIN, 340 FT. 2 IN. IWRC ROPE.

i. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TiP DEPTH
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. WATER DEPTH
3. ANCHOk TENSIUN 7. mIRE ROPE ANGLE 11. ANCHOR CROhN DEPTH 15. TOTAL BOTTOM WEIGHT

4. PACKAGE DEPTH 8. DECK HOKIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11 12 13
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS FEET FEET FEET
C.0 5.8 3.0 *4444 -11.8 -4.5 2C.0 5.5 214.8 7710.4 4*44* *44** 444*4 36i
2.0 8.3 4.0 **44 -5.0 -. 5 19.3 7.6 172.5 6981.2 36*44 *44** 44 36
3.6 9.7 2.5 4444* -1.8 -9.5 16.0 9.2 165.6 6701.4 44*4 4 4 36
4.7 9.7 5.0 *s*4* -. 5 -9.5 17.3 9.3 166.6 6822.7 44*4* *4*4* * 36e
6.3 8.7 4.5 ***4* 14.5 -7.5 17.5 8.3 174.9 7074.5 36*4* *44*4 **
e.6 8.1 4.0 0*0*4 12.3 -. > 17.8 8.3 174.0 7038.1 3*4* *44** 44*e 3

10.3 8.7 4.5 *4*44 L2.5 7.5 17.5 8.3 174.9 7074.5 4*4* *4*44 * 3

12.1 8.1 2.5 *4** 12.0 8.5 17.3 8.4 175.8 7110.9 *3*44 **4* *
14.1 4.9 2.5 44*04 12.5 8.5 21.0 4.5 254.3 7963.44 3
16.1 4.9 3.0 ***44 12.5 8.5 Z1.0 4.5 254.3 7963.4 4*44, *3** ** 3
18.6 b.3 4.5 *4* 8.3 20.6 19.8 5.9 192.9 7570.1 4*4* *** 3**4 3
20.3 6.7 5.0 *4*4* 10.3 22.5 17.5 8.3 174.9 7074.5 ***** *4,4* 3

21.4 9.? 5.0 ***** 10.0 21.8 16.0 9.3 173.6 7025.9 **4** $**** 43

23.9 9.7 4.5 * 1G44 IG.O 21.3 16.5 9.3 171.6 6944.4 **4 44*4* 43

25.3 9.2 5.0 *4444 1O.G 21.3 16.3 8.9 176.0 7121.1 34*4* 44*4* ** 3
28.1 10.7 *4 * 0.0 20.8 16.3 10.3 165.9 6713.2 **3** ** 444*,

29.6 10.2 *4*4 '4.5 14.5 16.0 9.8 170.3 6891.9 *3*44 ***** 4*4**

31.2 11.7 *4*44 7.8 20.0 15.0 11.3 165.3 6686.2 *44 .4*44* * 3
33.5 11.2 4** 7.3 ZO.O 15.5 10.8 166.0 6717.9 44444 *4 4* 3

36.1 12.6 *4444 -. 5 10.5 15.5 12.2 156.4 6328.3 *4444 4*44 4 3
37.0 11.2 44*4* 0.0 -1.0 15.0 10.8 I68.4 6812.0 *44*4 **4* 44*4*

39.3 10.2 *4* .5 -Z.8 15.8 9.8 171.4 6934.8 *444* **4* *4*4*
42.1 10.7 **4 .8 -2.8 16.3 10.3 165.9 6713.Z *4*4* *3*4* *4*4e

42.9 9.7 *L.0* 1.0 -2.5 15.5 9.4 175.7 7107.5 4*44* 4*44* *4*4*
45.8 15.1 *44* 3.3 -. 2 14.5 14.6 146.6 5932.9 3*4*4 4*444 4* 3
46.9 10.2 444*4 3.3 0.0 15.3 9.8 173.5 7020.6 34*4* 44444 4** 3
49.3 20.4 444*4 5.0 2.5 13.0 19.9 126.4 5113.4 44444 44444 444*4

51.3 20.4 *4*44 6.5 3.2 13.0 19.9 126.4 5113.44 3

DISTANCE BARGE TRAVELLED 54.0
DISTANCE ANCHOR TRAVELLED 51.3

NOTE - POSITIVE SHANK
ANGLE INDICATES

SHANK TIP BELOW
CROWN

!1



Ds - I79 NNER APRA HARBOR, GUAM.
Test No. - 3 stato 1000 Lbs? 40 Ln stabLLLzers
Test Ser Les No. - 0

-10.9

-8.0 LEGEND

-6.0- 0 - Crown PenetratLon
- Shank TLp PenetratLon

-2.0

L._ 2.9

4.0

6.0

8.0

14 15
EET LBS 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
6.0 8780.4
.0 8051.Z SO.0*

6.0 7771.4

6.0 7892.7 40.9 LEGEND
6.0 811 30.90- Shank RoLL
6.0 8144.5 20. Shank PLtch: 0. 8 1 8 0 . 9 2 0 .0 9 --v - -- -- q . . .9 . - .

6.0 9033.'.(0 V,
6.0 9033.'. ) 10.0 .__-- -- - -

.0 8640.1 d)

.0 8144,..5 L 0.0 .
6.0 8095.9 m - -
6.0 801.4 0" -
6.0 8191.1 -20.
6.0 7783.2
6.0 7961.9 -30.0
6.0 7756.2
6.0 7787.9 -40.0
6.0 7398.3
6.0 7882.0 -50.0
6.0 8004. 0.0 5.0 10.9 15.0 20.3 25.0 30.0 35.90
6.0 7783.2
6.0 8177.5
6.0 7002.9 100.0Oi6.0 8090 6 LEGEND
6 0 613o 90.0-

0 613.4 - ChaLn WeLght on Bottom
6.0 6183. 80.3 - Anchor Force

70.3 7 - Deck Force
S60.9

3+0.0-
30.3

20.3

10.9 , , , ,-

0.0 5.9 10.0 15.0 29.0 25.9 30.0 35.0

9nchor Dra9 D..stance



APRA HARBOR, GUAM.
stato 1000 Lbs, 40 Ln stabLLLzers, 50 deg movabLe fLukes

LEGEND
Fenetrot Lon

k Tl~p PenetratLon

10. 1.0 20.0 2S.0 30.0 3S.0 40.0 4S.0 S0.0 S;. 0

END
k RoLL
k P'Ltch ---- ~--4-.-

10.3 15.0 20.0 25.3 30.0 35.0 40.0 45.0 50. 0 55. 0

LEGE[ND
Ln We -ght on Bottom
or Force.
Force

11. 150 23.0 25.0 30.0 35.0 40.0 4S.3 S0.3 SS.0

9inchor Draq O ,stance 49



STATO ANCHOR TEST

TEST DATE 85

TEST NO. 14

TEST RUN 0

TEST AREA INNER APRA HARBOR, GUAM.

START-END TIMES 1703 - 1718
SEAELOOR TYPE

ANCHOR TYPE STATO 3000 LBS. STABILIED, 50 DEG MOVABLE FLUKES

ANCHOR WEIGHT 3500.00 LB.

FLUKE ANGLE-TYPE, 50.00 JEG. - 0 O-MOV 1-FIX

MOORING LINE DESCRIPTION 54 FT. 2.0 IN. CHAIN. 82 FT. 2.5 IN. CHAIN,
186 FT. 2.2i IN. CHAIN, 340 FT. 2.0 IN. IwRC ROPE.

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH

2. GECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. 4ATER DEPTH

3. ANCI-OR TENSION 7. hIRE ROPE ANGLE 11. ANCHOR CROwN DEPTH 15. TOTAL BOTTOM WEIGHT

4. PACKAGE DEPTH S. BECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 to 11 12 13 14

FEET KIPS KIPS FEET DEG DtG DEG KIPS FEET LBS FEET FEET FEET FEE1

0.0 10.1 4. **:** -7.0 29.5 17.0 10.2 Z98.b 12403.1 ***** ***** ***** 36.

2.0 15 6 5.0 ****4 -1.0 29.5 15. 15.0 271.5 11307.7 ***** **9** *4*** 36.

3.1 14.b 4.5 **** -7.0 29.0 15.3 14.1 28l.l 11694.2 **** ***** **4 36.

5.4 14.6 5.0 *4*4 -7.0 Z9.3 15.5 14.0 279.b 11632.8 444** 44444 *4444 36.

q.5 15.1 5.0 *444 -7.0 29.5 17.0 14.,. 267.0 11124.3 ***40 444*4 **4 36.

9.7 15.6 5.0 **4 -1.3 28.8 15.5 15.0 273.1 11373.1 *44* *4*04 **** 36.

11.2 16.0 5.0 **4 -7.5 28.0 15.0 15.5 2?3.3 11378.2 *** 44*4* 4444* 36.

13.3 16.5 5.5 *44 -7.3 24.0 15.0 Ib.0 270.2 11252.5 44*4* *4*4* *44*4 36.

14.q 18.5 5.5 **4 -7.3 29.0 14.3 17.9 263.5 10983.2 **4 *44 4444* 36.

15.9 14.6 5.0 *44* -7.5 2d.5 14.3 14.1 287.2 11940.2 ,*44, 44444 44444 36.

18.3 18.5 5.0 44444 -7.3 28.5 13.4 17.9 267.4 11139.6 *44*4 4444* *44 36.

20.1 17.5 5.0 *4* -1.3 id.5 13.8 17.0 273.1 11370.6 *4 *444 *444 36.

22.5 18.0 6.* * -7.c 28.3 14.0 17.4 268.4 11178.9 4*44* 4*444 **4 36.

24.Z 18.0 6.0 **,, -7.5 18.8 13.8 17.5 270.2 11255.1 44*4 ,**4 ,,*4* 36.

26.6 18.5 6. 0 -7.0 29.3 14.0 17.9 265.4 11061.4 **4 444*4 44444 36.

28.2 19.4 6.0 44 -7.3 29.5 13.5 18.9 263.7 10991.0 **4 4 4 44 36.

30.5 19.4 7.0 **4 -6.3 30.3 13.8 18.9 261.7 10908.6 *44* **4 **44 36.

31.7 19.4 6.5 **4*4 -6.3 30.5 13.0 18.9 267.8 111561. *44* *44 *** 36.

33.8 20.4 6.5 ***** -4.5 32.3 13.0 19.9 262.4 10937.5 444*4 *44 44444 36.

35.4 19.4 b.5 ***0 -5.0 34.8 12.8 19.0 269.8 11238.8 *444 *44* 44444 36.

37.3 19.0 5.5 ,,,,, -7.3 37.8 12.8 18.5 ZZ.5 11346.1 '''4' "'''4 "'''" 36.
39.6 20.4 9.0 *4444 -11.5 40.5 12.8 19.9 264.5 11024.3 *444 *444* *4444 36.
41.9 22.8 10.0 4444* -12.5 41.5 12.8 22.3 251.3 10488.0 *44* **4* *4*4* 36.
44.0 25.3 14.0 **4* -17.5 42.8 12.5 24.? 240.7 10059.4 4444 4***# 4**4* 36.
45.5 21.9 11.0 *44* -27.8 45.3 12.5 21.4 258.9 10795.7 0*4* *44 *0*44 36.

47.1 19.0 7.5 4444* -32.5 48.8 12.5 18.5 274.5 11426.8 4444* 4*44 444*4 36.
49.7 19.4 8.5 0*4*0 -32.5 49.3 13.0 18.9 267.8 11156.1 **44 4444* 44444 36.

DISTANCE BARGE TRAVELLED 52.0
DISTANCE ANCHOR TRAVELLED 49.7

NOTE - POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOW

CROWN

50
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S - --85 INNER APRA HARBOR, GUAM.
Test No. - 14 stato 3000 Lbs, 50 de
Test SerLes No. 0

-10.0-i

-8.0 LEGEND
-0 Crown PenetratLon
- Shank TLp PenetratLon

0 -
L. 2.0-

4.0

6.0

1.0

10.0 I I I I 5

4 0.0 S.0 10.0 15.0 20.0 25.0 30.0 35.0
FT LBS
.0 15903.1

0 148077
.0 15194.2 40.0 LEGEND
.0 15132.8 5hcL- ?
.0 14873.1 v - Shan Ctch L
.0 14878.2 20.0
s0 14752.5 0
.0 14483.2 0) 10.0
.0 1540.2
.0 14639.6 L 0. 0 . ....

.0 +1870.6 0) -10.0
.0 14678.9
.0 14755.1 -20.0
.0 14561.4
.0 1491.0 -30.0

0 14408.6
.0 1656.1 -40.0

0 14437.5
0 1*738.8

.0 14846.1 0.0 .0 10.0 iS.0 20.0 25.0 30.9 35.0
0 14524.3
0 13988.0
0 13559.4 1OO. 9
0 1*295. LEEND
0 1*926.8 90.0 o ChaLn WeLght on Bottom
0 14656.1 80.0 X - Anchor Force

ur 70.0 v - Deck Force
0.-P 60.0

50.0

40.0-

30.0-

20.0 ,

0. 5.0 10.0 15.3 20.3 25.0 30.0 35.3

9nchor Drag OLstance
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APRA HARBOR, GUAM.
stato 3000 Lbs, 50 deg movabLe fLukes

LEGEND
Penetrat .on
TLp Penetrat Lon

0.0 15.0 20.0 25.0 30.0 3S.0 40.0 Is.0 .50.0 55. 0

NOq--

10.s1.0 20.0 25. 0 30.0 35.0 40.0 49. 0 50.0 5.

LEGEND
ni We'ght on Bottom
or Force

k Force

99

1.1.0 20.03 25.0 30.0 35. 3 4;.3 4.5.0 50'.055
9nchor Drag DLstance3



STATO ANCHOR TEST

TEST DATE as
TEST NO. iS
TEST RUN 0
TEST AREA INN4ER APRA HARBOR, GUAM.
START-END TIMES 1020 - 1040
SEAFLOOR TYPE
ANCHOR TYPE STATO 3000 LBS, STABILIZED, 32 DEG MOVABLE FLUKES
ANCHOR WEIGHT 3500.00 LB.
FLUKE ANGLE-TYPEo 32.00 DEG. - 0 0-MOV I.FIX
MOORING LINE OESCRIPTION 54 FT. 2.0 IN. CHAIN, 82 FT. 2.5 IN. CHAIN,

186 FT. 2.25 IN. CHAIN, 340 FT. Z.O IN. IWRC ROPE.

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM L3. ANCHOR FLUKE TIP DEPTH
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. WATER DEPTH
3. ANCHOR TENSION 7. WIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15. TOTAL BOTTOM WEIGHT
4. PACKAGE DEPTH S. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 % 10 11 12 13
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS FEET FEET FEET F
0.0 14o.l $*6$ $*9 7.3 23.8 14.5 13.6 288.7 1ZOOO.3 9*9*9 * **99 3
4.0 14.1 $00$0 9*9$9 7.3 23.5 14.5 13.6 288.7 12000.3 *9$09 $$$$$ 9$$$$ 3* 5.5 19.0 *9*.* $$$9$ 7.5 22.5 13.0 Lb.5 270.5 11265.5 4*99* *99*9 99994 3
7.5 19.0 $$$$$ *$$$* 7.5 22.0 13.0 La. 270.5 11265.5 **49 *99*9 $$$$$ 3
9.5 21.9 7*9*9 *99*9 1.0 22.0 12.5 21.4 258.9 10795.7 99999 9$$$$ $$$$* 3

11.2 24.3 $$9$$ $*$$$ 6.0 21.4 12.0 23.8 25L.0 10477.0 9*$$* *99*9 *9*9* 3
13.7 28.7 999$$ $49** 7.8 25.3 12.0 28.0 228.5 9567.6 99*9* 94$$$ *9*9* 3
15.3 34.0 $49$$ **9*$ 8.8 25.0 11.3 33.4 211.8 8892.3 *9*9$ *999$ $9$ 3
17.0 34.0 $9** *0000 7.8 25.0 11.0 33.4 215.4 9037.9 *$9** ##*9* $** 3'
18.7 36.4 $*9*$ *$*9$ 5.0 24.5 10.5 35.8 211.7 8886.8 $$$$ *9*9$ $*9*9 3'
20.8 34.9 *** $*$$ 2.8 24.5 10.5 38.2 200.8 8444.0 *$*$$ $$*$$ 9$$$* 3
22.3 38.9 $0*0$ 9999* 3.8 23.3 10.0 3b.3 209.0 8777.o $*49* *$$$$ *999* 3
24.1 36.0 *09* $**9 5.0 23.0 10.0 35.4 22L.5 9284.2 **9 $$*9 $*9*9 34
26.2 37.4 *$$99 $9$$$ 5.0 22.8 10.0 36.9 Z15.3 9031.0 *99*9 9*9$$ *9*$$ 3
28.8 3d.4 5.0 23.0 10.5 37.7 202.9 8532.5 $$$$* $$$$$ $$$$$ 3
30.3 39.4 5.3 23.0 10.0 38.8 206.9 8693.4 9$$$$ *99$$ 99*9* 3
32.2 41.3 $*$*$ $*9*$ 3.3 22.3 9.8 40.7 203.0 8533.5 9*9$$ $$$$$ 99*$$ 3
34.5 43.7 $$*99$$ Z.5 22.5 10.0 43.1. lahl. 7933.9 $*9*9 $9$ *9*$$ 3
36.3 51.0 $*9$$ * .5 22.5 9.5 50.3 167.7 7107.0 $*9*9 * $$$$ 9*$*$ 3
38.9 53.9 $$$$ * 0.0 22.3 10.0 53.1 144.3 6161.8 $**$ 9$$$$ $$$$* 3
40.2 55.4 9*999 *0000 -. 7 22.0 9.3 54.7 155.8 6623.6 99999 9*99 999$$ 3
42.6 61.2 **. *** -4.5 Z2.8 9.5 60.4 128.0 5422.6 #$006 .,,,, ,,** 3
44.C 58.3 $$** ***0* -9.0 25.0 9.0 57.6 lSO. 6406.1 99*9 $ $$$* 3
46.5 48.6 $#00 0409 -17.3 Z8.8 9.8 47.9 172.5 7299.0 $$$*9 9$* $00$0 3
46.0 34.0 490*0 **99 -30.0 32.5 10.0 33.5 229.9 962L.7 9999 99* 9** 3

DISTANCE BARGE TRAVELLED 50.0
DISTANCE ANCHOR TRAVELLED 48.0

END-OF-FILE ENCOUNTERED, FILENAME - INPUT• ERROR NUMBER 65 DETECTED BY INPC- AT ADDRESS 00013S

CALLED FROP ANCHOR AT LINE 33

NOTE - POSITIVE SHANK

ANGLE INDICATES
SHANK TIP BELOW
CROWN

k



0% # - 85 INNER APRA HARBOR, GUAM.
Test No. - 15 stato 3000 Lbsl 32 de

Test SerLes No. - 0

-10.0

-8.0 LEGEND
So- Crown PenetrotLon
a-Shank Ttp PenetratLon

-2.0

L 2.0

4.0

6.0

8.0

10.0 , ,

0. is 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
EET LBS
5 .5 15500.3 50.0'
.5 15500.3

5.5 14765 5 40.0 LEGEND
S s 129.s 30.0- Shank RoLL5 3 97. 0. . .1- , _ , _ , , - - ' - , - - , - --" -- -' --- . .. -- --. -... . -- -
5.5 13067.6 20.0
5.5 12392.3 (1)
5.5 12537.9 ) 10.0-"
5.5 12386.8 0 0
5.S 11944.0 L 0.

5 127.8 0) -10.0
5.5 12784.2 C3
5.5 12531.0 -20.0
5.5 12032.5
5.5 12193.4 -30.0
5.5 12033.5
S.5 11,33.9 -40.0
5.5 10607.0
5.:5 9661.8 -50.0'
5 .5 10123 .6 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
5.S 8922.6
5.5 9906.1
5.5 10799.0 100.0 1EEN

.s .z .7 90.0 0 - ChaLn WeLght on Bottom

80.0 X - Anchor Force
7C.3 V - Deck Force

(' 60.0
0-

so.o _ ._._ . .. _
10.0-

20.0-

10.0-

0.03
0.0 5.0 10.0 15.0 20.0 25.0 30.0 3S.0

Anchor Drag DLstance



APRA HARBOR, GUAM.
stoto 3000 Lbs., 32 deg movabLe fLukes

LEGEND
nFenetrat' -on

Tlp Penetratlon

10. 5.0 00 2S.0 30.0 35.0 40.0 4S.0 50. 0 55.0

END

k 

-

1;. 0 1.5.0 20.0 2S. 0 30 .0 35. 0 40.0 45.0 50.0 55.0

LEGEND
Ln Wei ght on Bottom
hor Force
kForce

10.3 1S. 0 20' 2.5. 0" 30.0 35.0 43.0 45.0 50.0 SS.

Finchor Drag Dstance

laws



STATO ANCHOR TEST

TEST DATE BE
TEST NO. 16
TEST RUN
TEST AREA INNER APRA HARBOR, GUAM.
START-END TIMES 1336 - 1350
SEAFLOOR TYPE
ANC110 TYPE STATO 3000 LBSo STABILIZED, 32 DEG MOVABLE FLUKES
ANCHGR mEIGHT 3500.00 LB.
FLUKE ANGLE-TYPE, 32.00 0EG. - 0 0-mOV I-FIX
MOORING LINE DESCRIPTION 100 FT 1.5 IN WIRE, 54 FT 2.0 CHAIN, 82 FT 2.5 IN CHAIN,

116 FT. 2.25 IN. CHAIN, 340 FT. 2.0 IN. IWRC ROPE.

1. DRAG DISTANCE 5. ROTATION ANZLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH
2. OECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. WATER DEPTH
3. ANCHOR TESION 7. %IRE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15. TOTAL BOTTOM WEIGHT
4. PACKAGE nEPTH 8. CECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 b 7 8 9 10 11 12 13 14
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS FEET FEET FEET FEET-

C.C 17.5 6.5 37.0 -15.5 28.5 13.3 17.0 376.8 ll69.1 33.0 38.0 37.8 36.0i
2.0 17.5 5.5 35.5 -15.0 27.0 12.5 17.1 382.3 12092.3 31.7 36.4 36.4 36.0j
4.3 19.4 h.5 35.5 -15.0 27.9 12.5 19.0 371.9 11671.6 31.7 36.4 36.4 36.0

6.6 25.3 11.0 35.5 -12.0 27.8 12.0 ?4.7 346.0 10624.9 31.5 36.4 36.4 36.0
8.8 30.1 14.5 36.5 -1.7 27.0 11.8 29.5 324.2 9743.1 32.b 37.4 37.4 36.0
9.8 34.5 17.5 36.0 -3.0 22.5 10.5 33.9 320.5 9591.1 32.7 36.8 37.3 36.0

11.8 43.7 5.5 35.5 -2.2 20.3 10.0 43.1 288.1 8284.0 32.5 36.2 37.0 36.0
13.9 45.7 25.0 35.0 -3.2 21.3 10.0 45.0 279.8 7946.4 31.8 35.8 36.4 36.0
15.9 47.b 28.5 35.0 -5.2 20.5 10.0 46.9 271.5 7608.8 31.9 35.7 36.5 36.0
17.7 .9. 1 29.5 35.0 -5.0 20.5 c.8 48.4 270.4 7566.7 31.9 35.7 36.5 36.0
19.6 52.5 32.0 35.0 -5.2 20.5 9.5 51.8 261.8 7216.4 31.9 35.7 36.5 36.0
21.3 58.3 40.5 35.0 -3.0 20.0 9.0 57.6 250.4 6756.l 32.0 35.7 36.5 36.0
23.4 62.7 42.5 35.0 -2.5 20.0 9.0 61.9 234.0 6071.9 32.0 35.7 36.5 36.0
26.0 63.7 44.0 36.5 -. 5 19.8 9.5 62.8 220.0 5371.5 33.5 37.2 38.1 36.0
27.9 61.2 42.5 1.3 15.8 9.5 60 4 228.0 5772.6 36.0
29.8 57.3 4O.5 35.5 2.3 15.5 9.5 56.6 241.9 6414.3 33.2 36.1 37.4 36.0
31.0 59.3 145.5 36.0 2.0 15.5 8.8 58.6 252.9 6859.7 33.7 36.6 37.9 36.0

DISTANCE BARGE TRAVELLED 32.0
DISTANCE ANCHOR TRAVELLEO 31.0

NOTE - POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOW
CROWN

52



D%~# 86 INNER APRA HARBOR UAM.
Test No. -16 stato 3000 Lbs, 32 deg
Test SerLes No. - 0

-EGE0

-6.00 - Crown PenetratLon

-2.0-

4.0-

6.0-

8.0

L 50.0 5.0 10.0 15. 0 20 .0 25.0 36.0 35.0

15369.1 50.0-
157: 0.0- LEGEND

1424.9: 30. 0 -Shank RoL L
13091.1 20.0 Vh r -tchq
11784.0 .0 --- V- - --- - ---- - -~ 

11446.4 0)v-- -

11108.8 d) 10.0-

8871.5 -20.0-
9272.6
9914.3 -30.0-

10359.7
-40. 0

10 150 20.0 25. 0 30.0 35. 0

100.0 - LEG EN D
90.0- 0 -Cha~n WeLght on Bottom
80.0- - Arhor Force
70.0-' Deck Force

Ct) 60.0 9-.
50-0
4 0.0-

30.0-

20.0

10.0 ~ 3m- 3  3 3 3033 p ~ p

0.05. 16.0 15.0 20.0 25.0 30.0 3S.0

Finchor Drag DLstance

; r



A,. PRA1 HARBOR,-GUAM.
.qtato 3000 Lbs, 32 deg movabLe fLukes

LEGEND
f'enetrat Lon
TL P e ra Lo!

00 15. 0 20.0 25. 0 30;.0 35; 0 40.0 45. 0 50. 0 55.0

END
k RoLL

-P-14 (zhv--- --- - --. _ --- --

100 15.0 20.0 25. 0 30.0 35. 0 40.0 45. 0 5;. 0 55.0

LEGEND
n WeLght on Bottom
or Force
Force

0 9 ----- -~- -9 E

10.0 15. 0 20.0 25.0 30.0 35. 0 40.0 45. 0 00 SL.
91nchor Drag OLstance



STATO ANCHOR TEST

TEST DATE 87
TEST NO. 18
TEST RUN 0
TEST AREA INNER APRA HARBOR, GUAM.
START-END TIMES 1107 - 1122
SEAFLOOR TYPE
ANCHOR TYPE STATO hOO0 LOS, 67 IN. EXTED STAB., 34 DEG. MOVABLE FLKS
ANCHOR wEIGHT 6600.00 LB.
FLUKE ANGLE-TYPE, 34.00 DEG. - 0 0-MOV I-FIX
MOORING LINE DESCRIPTION 54 FT. 2.0 IN. CHAIN, 82 FT. 2.5 IN. CHAIN,

18C FT. 2.25 IN. CHAIN, 340 FT. 2.0 IN. IWRC ROPE.

1. CKAG DISTANCE . .OTATION ANGLE 9. CHAIN LENGTH ON HOTTOM 13. ANCHOR FLUKE TIP DEPTH
2. DECK TENSION b. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. ATER DEPTH
3. ANCHJ R TENSION 7. WIRE ROPE ANGLE 11. ANCHOR CRCON DEPTH 15. TOTAL BOTTOM WEIGHT
4. PACKAGE DEPTH d. DECK HORIZ. FORCE 12. ANCHUR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11 12 13 14
FEET K IPS KIPS FEET DEG DEG DEu KIPS FEET LdS FEET FEET FEET FEET
C.C 12.1 1.0 35.5 -5.5 24.5 15.0 11.7 298.1 12384.5 34.6 39.6 40.7 36.0
2.0 19.9 5.0 36.0 -4.8 25.0 11.3 19.5 279.8 11641.8 35.1 40.2 41.2 36.0
4.0 24.3 3.5 36.0 -4.2 21.3 10.8 23.9 263.8 10996.7 35.2 39.6 41.1 36.0
6.2 21.4 9.0 36.0 -4.8 20.6 11.3 21.0 272.8 11357.4 35.2 39.5 41.1 36.0
8.7 23.8 9.5 39.0 -3.5 1.3 11.5 Z3.3 258.5 10781.4 38.2 42.6 44.1 36.0

1C.0 19.9 9.0 39.0 -3.2 20.) 11.3 19.5 279.8 11641.8 38.2 42.5 44.1 36.0
iio 18.5 5.5 37.C -5.0 20.0 11.0 18.1 288.8 12005.3 36.3 40.4 42.0 36.0
15.1 19.4 5.0 39.0 -9.0 2Z.5 12.5 19.0 271.9 11321.6 38.2 42.8 44.1 36.0
16 6 19 4 5.0 314 0 -_9 5 Z1.0 L2.0 19.0 276.0 11487.4 38.2 42.7 44.1 36.0
18.7 19.9 5.5 39:5 -1O.0 22.6 12.0 19.5 273.5 11386.3 38.7 43.3 44.6 36.0

S19.5 19.4 4.0 38.5 -11.5 21.0 1.C.6 19.1 286.2 11903.1 37.7 42.0 43.5 36.0

21.6 20.4 4.5 37.5 -IZ°3 Z1.3 10.8 20.1 281.8 11721.8 36.7 41.0 42.5 35oO0
25.0 ld.5 6.0 37.5 -10.8 22.5 12.5 18.0 277.1 11532.0 36.7 41.2 42.6 36.0
27.3 20.1f 9.0 38.5 -10.0 22.> 12.5 19.9 266.7 11111.2 37.7 42.3 43.6 36.0

28.6 25.3 10.0 37.5 -7.7 22.5 11.3 24.8 254.0 10598.9 36.7 41.3 42.6 36.01
30.0 24.3 10.0 37.5 -4.2 22.0 10.8 23.9 263.8 10996.7 36.7 41.2 42.6 36.0

32.5 24.3 10.0 34.0 -2.5 2Z.5 11.3 23.8 258.7 10788.5 37.2 41.8 43.1 36.0
33.8 24.3 11.0 39.0 -4.0 21.8 10.5 23.9 266.4 11100.9 38.2 42.7 44.1 36.0

S35.e 26 7 11 0 37 5 -5 0 20.5 IC.3 26.3 258.3 10772.8 36.7 41.0 42.6 36.0
:

30.1 28z 155 38.0 -7.3 21.8 IC.5 27.7 248.9 10392.4 37.2 41.7 43.1 36.0
-04080 8470.5 36.4 42.6 42.7 36.0

286 25.3 10.0 37.5 -17 251.3 24..89254.0. O 1 0589 3.o1.426 3.

42.4 54.3 45.0 39.0 -O.O 35.0 1.5 23.7 153.7 645.5 37.2 44.4 43.1 36.0

CISTANCE BARGE TRAVELLED 42.0
DISTANCE ANCHOR TRAVELLED 42.4

NOTE - POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOW
CROWN

t4



Da - 87 INNER APRA HARBOR, GUAM.
Test No. 18 stato 6000 tbs, 67 ..n. exted stab.,
Te8t SerLes No. - 0

"-10.0'

-8.0 LEGEND
- - Crown Penetrat on

- Shank TLp PenetratLon
-0.0-

-2.0

~ 0.0

0 .)

15 0. 0 .0 I. 0 15. 0 20.0 25 .0 3L 0 3 .0LB5

18984.5 50.0-
18241.8
15:07 400 LEGEND
179530.0 - Shank RoLL173a. 30.90
182,1.8 ---V-.. . - V -- SvP-tc -, --
18605.3 20.0 -
17921.6 V)18 o087 ., 4 (1 0.0 i

17986.3
185031. L 0.0 - --
18321.8 CO4a) -10.0-
18132.0 on
17711.2 -20.0
17198.9
1756.7 -530.7
17388.:5
17700.9 -40.0
17372.8
16992..5.
15070.5 0.0 5.0 10.0 15.0 20.0 25.3 30.0 35.0
13 145.5

100.0 LGND

90.0 0 ChoLn WeLght on Bottom
80.0 x- Anchor Force
70.0- - Deck Force
60.0-

Q_ 50.0

43.0

30.0

10.0 N -- ---- x--. . x-- --- -----------

0.0
0.3 5.0 10.0 1.9.3 20.0 25.0 30.3 3S.0

9nchor Drag Dtstance

-I



APRA HARBOR, GUAMI.
stato 6000 Lbs, 67 Ln. exted stab., 34 deg. movabLe fLks

LEGEND
Penetrat L.on
TLp Penetrct Lon

-. .. h-----.......- ..

.0 1;.0 20. 25. 0 30;.0o 3S.0 0 4 4505. 55.0

ND
RoLL ~-

~10. 0 15.0 20.0 25.03 30. 0 3;. 0 40.0 4505005.

LEGEND
.n We 'ght on Bottom

Ior Fo-C.8
SForce

S-)-

100 15 26.0 25.0 30.3 35.0 46.0 o5. 50.0 5.
ilnchor Orag OLstance3

3j-o



STATO ANCHOR TEST

TEST DATE 87
TEST NO. 19
TEST RUN 0
TEST AREA INNER APRA HARBOR, GUAM.
START-END TIME! 1340 - 1355

SEAFLOOR TYPE
ANCHOR TYPE STATO 6000 LBS9 NORMAL STABILIZED9 34 DEG MOVABLE FLUKES
ANCHOR WEIGHT 6600.00 Lb.
FLUKE ANGLE-TYPE, 34.00 UEG. - 0 0-MOV I-FIX
MOORING LINE DESCRIPTION 5 FT. 2.0 IN. CHAINt 82 FT. 2.5 IN. CHAIN,

186 FT. 2.25 IN. CHAIN* 340 FT. 2.0 IN. IWRC ROPE.

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN ^EIGHT ON 8OTTOM 14. wATER DEPTH
3. ANCHOR TENSION 7. WIRE ROPE ANGLE 11. ANCHOk CROWN DEPTH 15. TOTAL BOTTOM WEIGHT
4. PACKAGE DEPTH 8. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11 12 13 14
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LOS FEET FEET FEET FEE
0.0 14.6 4.5 -5.0 26.3 12.5 14.2 297.9 12373.4 36.
2.0 19.0 6.0 -3.5 Z3.3 10.5 18.6 Z90.5 12075.1 36.
4.5 26.? 12.0 -3.8 2Z.3 10.3 26.3 256.3 10772.8 36.
6.5 36.4 Z3.5 -. 5 22.8 9.5 35.9 227.2 9513.3 36.
8.3 51.0 38.0 1.3 20.8 8.8 50.4 184.0 77bb.5 36.
10.2 53.9 41.5 .3 zo.o 8.5 53.4 178.8 7555.6 36.
12.2 55.9 41.5 -1.0 18.6 8.5 55.3 171.7 726d.3 36.
13.9 58.8 46.5 .3 17.0 8.0 58.2 173.6 1345.1 36.
16.6 62.7 50.0 *40** 1.3 16.0 8.8 62.0 140.2 5992.2 **so$ ***** ****5 36.
19.4 70.5 55.5 **o$ 1.8 15.5 9.3 69.6 103.6 201.9 **$** $$*e$ ***** 36.
20.9 73.4 59.0 *$so -. 5 I5.0 8.8 72.5 106.9 1365.7 ***** $*40#0 36.
21.4 78.7 s**# **4* -1.8 10.4 7.0 78.1 138.7 5934.4 $4*$* *$*$$ *$$$$ 36.
24.6 84.1 #4$** *04*0 -4.8 8.3 83.2 88.9 3464.9 *4*4* *4*4* *4*44 3b.
26.1 86.0 **so* 4*444 -7.3 7.8 85.2 98.2 3929.3 *4*4* $$$$$ 44*4* 36.
27.9 86.0 $*4000 40*4 -32.0 7.5 85.3 105.6 4301.3 *4*4* $*4$4 *444* 36.
30.7 88.0 44444 44444 -Zb.0 8.3 87.1 77.8 2907.0 44*4$ **444 0*4*4 36.
31.5 88. 4 4*444 4444 -34.3 7.0 87.8 114.6 4749.9 44444 $*44* 4*444 36.
34.3 97.2 4444 4* -37.5 7.8 96.3 68.1 2422.0 444* *44 *44 36.
36.1 98.2 $0404 4$4$* -37.8 7.5 97.3 73.9 2715.5 $0**$ $4*4$ 4*44* 36.
38.2 106.9 4*** *44* -37.5 7.5 L06.0 49.5 1573.7 4*44* 0*0$$ 4*4 36.

DISTANCE BARGE TRAVELLED 38.0
CISTANCE ANCHOR TRAVELLED 38.2

NOTE - POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOW
CROWN

54



0%,- 87 INNER APRA HARBOR, GUAM.
Test No. - 19 stato 6000 Lbs, normaL stabtttzed,

Test SerLes No. - 0
-10.0

-8.0 LEGEND
-6.0-30- Crown PenetratLon

- Shank TLp PenetratLon

-2.0
S0.3

L 2.0

4.0

6.0-

8.0

10.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

T LBS
0 18973.4 50.0
0 18675.1
o 17312.8 40.0 LEGEND
o 16113.3 -Shank RoLL
o 14366.5 30.0 S R
0 14155.6 2t.0 - EL--V S4 o nk tch0 13868.3 20.0 - ... -- --9c
0 13945.1

.0 12592.2 a) 10.0
0 10801.9 a) 0
.0 10965.7 m 0.0

o 12534.4 a 0)
.0 10064.9 M
.0 10529.3 -20.0
.0 10901.3
.0 9507.0 -30.3-
.0 11349.9
.0 9022.0 -40.3
.0 9315.5
.0 8173.7 -50,0

000 5.3 10.0 15.3 20.0 25.0 30.0 35.0

100.0 LGN90o.3 LEGEND. " -

90.0 O ChaLn WeLght on Botom
80.3 - Anchor Force
70.0 - Deck Force

U-) 60.3 --
- SO..

40.3.

30.3-

20.3

10.3-

0.0
0.3 5.3 10.3 15.3 20.0 25.3 30.3 35.3

9nchor Drag DLatance



APRA HARBOR, GUAM.
stato 6000 Lbs, normaL stabULLzed., 34 deg movabLe fLukes

LEGEND
Penetrat Lon
TLp Penetrot Lon

.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0

NO
RoLL
FLtch

.... .- . .... ... . ... ..... . .... . . ..-

0.0 15.3 20. 0 25.0 30.0 35.0 40.0 15.0 50.0 S5.0

LEGEND
n WeLght on Bot, tom

Force

0.3 15.3 20.0" 25.3 30.0 3.5.3 43.0 4,5.0 50.o 55.0

9nchor Drag OLstance

77.



STOCKLESS ANCHOR TEST

TEST DATE 88
TEST NO. 20
TEST RUN 0
TEST AREA INNER APRA HARBOR, GUAM.
START-END TIMES 1250 - 1307
SEAFLOOR TYPE
ANCPOR TYPE STOCKLESS 20000 LOS STABLIZIE09 .8 DEG FIXED FLUKES
ANCIOR iEIGHT 22000.00 LB
FLUKE ANGLE-TYPE, 48.00 DEG. - ; 0-MOV I-FIX
MOORING LINE DESCRIPTION 54 FT. 2.0 IN. CHAIN. 82 FT. 2.5 IN. CHAIN.

18b FT. 2.25 IN. CHAIN, 340 FT. 2.0 IN. IWRC ROPE.

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN wEIGHT ON BOTTOM 14. wATER DEPTH
3. ANChOR TENSION ?. "IRE ROPE ANGLE It. ANCHOk CROkN UEPTH 15. TOTAL BOTTOM 4EIGHT
4. PACKAGE DEPTH S. DECK 4CdIl. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 b 7 6 9 10 11 12 13
FEET KIPS KIPS FEET OE, UEG DEG KIPS FiET L8I FEET FEET FEET FEE

C.C 19. ***** *0e** ***** #*** 12.0 19.5 273.5 11386.J **#** *$*** ***** 35.
2.C 27.7 s*** ** o , **e* 11.0 27.2 14.2 10243.4. *04* 4e*4* **4* 35.
4.2 64.b *4* 4*44* eeoc* 9444* 9.5 63.7 116.8 4861.1 4*4*4 444*35.
6.1 11.9 *4*4* 4*4, e*444 q.3 71.0 96.9 3967.6 *444* *444* **35e
8.5 76.3 44*4* *e*4* *4*4* *4*4* 9.5 75.3 78.3 2936.1 *444* 44*44 * * 35.
ci.7 7d.7 44*44 **4** **44* 4** 8.8 77.d 90.7 3552.5 *444* **4 * 35.
11.2 97.2 *4444 44444 4*4*4 44** 8.0 96.3 59.7 2001.9 *0$4* 3S.*4 *44* 3
13.4 93.3 **4 *444* 44444 *8444 8.3 92.3 b2.5 2140.0 440*4 *404* 0*44 35.
15.2 98.? *444* *4* *4*4* 40*4* 8.0 97.7 55.6 1799.0 3*44* *44*4 4**4
17.2 98.7 *4*4* 44*4* *4*44 4*44 8.0 97.7 55.6 1799.0 *3*4* *4*4* 4eo 3.
19.4 110. *4*4* ***44 *4*44 *4*4* 8.0 1o.7 3.4 L08.1 *4** *4*4* *444 3
21.6 120.5 9** 8*4*4 4*,4* **4*4 8.0 119.4 0.0 0.0 **4* 3*5.* *44* 3
NOTE- ALL PULL LINE AND CHAIN IS OFF bt]TTOM AT 21.6 FEET

DISTANCE BARGE TRAVELLED 22.0
DISTANCE ANCHOR TRAVELLED 21.6

NOTE - POSITIVE SHANK

ANGLE INDICATES

SHANK TIP BELOW
CROWN

/



Da9 - 88 INNER APRA HARBOR, GUAM.
Test No. - 20 stockLess 20000 Lbs stabkLzLed, 48 deq
Test SerLes No. - 0
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APRA H ARBOR, GUAM.
stockLess 20000 Lbs stabLLzLed, 48 deg fLxed fLukes

LEGENO
Penetrat Lon
TLp PenetrotLon
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STOCKLESS ANCHOR TEST

TEST DATE 88

TEST NO. 21
TEST RUN 0
TEST AREA INNER APRA HARBOR* GUAM.
START-END TIMES 1427 - 1445
SEAFLOOR TYPE
ANCHOR TYPE STOCKLESS 20000 LBS STABLIZIED, 48 DEG FIXED FLUKES
ANCHOR hEIGHT 22000.00 LB.
FLUKE ANGLE-TYPE, 48.CO DEG. - 1 OMOV I-FIX
MOORING LINE DESCRIPTION 54 FT. 2.0 IN. CHAIN, 82 FT. 2.5 IN. CHAIN,

186 FT. 2.25 IN. CHAIN, 340 FT. 2.0 IN. IwRC ROPE.

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN wEIGHT ON 80TTOM 14. vATER DEPTH
3. ANCHOR TENSION 7. hIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15. TOTAL BOTTOM wEIGHT
4. PACKAGE DEPTH 8. DECK HORII. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11 Iz 13 14
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS FEET FEET FEET FEET
0.0 19.0 *4444 444*4 **4* *44* 13.3 18.4 268.5 11184.9 4*4* *4*4* 444 35.0
2.0 24.3 00**, *04** 4*Z 0 13.0 23.1 240.8 10062.9 ***fl , 44 , 35.0
4.0 29.2 s**$ 0*004 **#* 12.5 28.5 219.9 9217.9 *44*4 *444* 4*4*4 35.0
6.7 36.4 444*4 ***** *4*$ *44* 12.5 35.6 180.9 7640.1 *** *444* *444 35.0
8.1 53.5 4*44* 4** ** *4*4 11.3 52.4 121.5 5099.9 4** 44*4 **4 35.0
8.7 57.3 4** ****4 **44 *# *4 10.0 56.5 130.9 5571.0 4**4* *4* **44* 35.0

Ic.9 63.1 4*44* 44*4* *440* **4* 10.0 62.2 110.7 4558.4 *** *444* *4*** 35.0
12.8 68.5 **4 *4* *4*4* e**#* q.8 67.5 98.1 3924.6 44*4 * * *** 35.0
14.9 71.9 00## 4** 4 9.8 70.9 86.6 3348.5 *444* *444* 4*4* 35.0
16.6 82.6 **44 *4 *4 44*4* *4* 9.3 81.5 64.6 2249.0 *4*4* *44*4 4*44 35.0
18.6 98.2 40*** **44* ***so *4** 9.0 97.0 5.4 172.1 **4 *44 ****0 35.0
20.8 51.5 *** 4* *so** e 10.3 50.7 149.3 b362.4 4*4*4 * *4*44 35.0
22.9 53.5 4* **4 4** *** 10.3 52.6 140.8 6016.5 4**4 4*4 *4*44 35.0
24.9 62.7 so*** *4*4 4*4* 10.0 61.7 112.4 4642.7 **4 4*44* *4*4* 35.0
28.8 53.0 **4* **** *o*4 4**4 11.8 51.9 114.4 4741.7 **, **4 4*4 35.0
28.9 64.1 4** 4*,* 4***4*44 10.0 63.2 107.4 4389.6 *4.4, *4*4 **44 35.0

30.6 63.2 4*4*4 0*0 ** 4*4*4 4*4* 9.8 62.3 116.2 4829.9 *4*4* **4* 444*4 35.0
33.1 68.5 4*4*4 **4 *44* 44*4* 10.0 67.5 92.2 3630.1 ** **4 *4 35.0
36.6 39.4 *e***$ ***e* ,*e* 12.3 38.5 169.4 71,76. 8 *,**4 e* 35.0

38.2 44.2 *444* 4*44* *44* *so** L1.8 43.3 153.3 6523.1 40 40 *00** 35.0
39.0 58.3 *04*0 *44 4*44* *4*4 10.3 57.4 122.6 5151.8 04*** **4 **04 35.0
40.8 81.6 4*** 4*** 44so* 44*4* 9.5 80.5 60.7 2053.7 *4** 4*44* 4*4** 35.0
42.7 101.6 4*44* **** ** *44** 9.0 100.3 0.0 0.0 44044 **4 *44*4 35.0
NOTE- ALL PULL LINE AND CHAIN IS OFF BOTTOM AT 42.7 FEET
44.3 82.1 *4*4* 44*4*44*4 **44 9.0 81.L 73.3 2680.9 *0*4* **004 *44* 35.0
45.1 41.3 *0*4* *4*44 **** 4*44 9.0 40.8 216.2 9067.0 0 4444* 4*444 35.0

DISTANCE BARGE TRAVELLED 48.0
DISTANCE ANCHOR TRAVELLED 45.1

NOTE - POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOW
CROWN
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Da# - 88 INNER APRA HARBOR, GUAM.
Test No. - 21 tockLess 20000 Lbs stabLLzLed, 48 deq
Test SerLes No. - 0
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APRA9 HAR~BOR, GUAM.
stockLess 20000 Lbs stabL~z' ed, 43 deg fLxed fLukes
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STOCKLESS ANCHOR TEST

TEST DATE 88
TEST NO. 22
TEST RUN 0
TEST AREA INNER APRA HARBOR. GUAM.
START-END TIMES Ibis - 1630
SEAFLOOR TYPE
ANCHOR TYPE STOCKLESS 20000 LBS STABLIZIED, 40 DEG MOVABLE FLUKES
ANCHOR hEIGHT 22000.00 LB.
FLUKE ANGLE-TYPEt 48.00 DEG. - 0 O-NOV 1-FiX
MOORING LINE DESCRIPTIO 54 FT. 2.0 IN. CHAIN, 82 FT. 2.5 IN. CHAIN

166 FT. 2.25 IN. CHAIN, 340 FT. 2.0 IN. IWRC ROPE.

1. BRAG DISTANCE , ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH
2. DECK TENSION b. SHANK ANGLE 10. CHAIN wEIGHT ON BOTTOM 14. wATER DEPTH
3. ANCHOR TENSION 7. OIRE ROPE ANGLE 11. ANCHOR CROON DEPTH 15. TOTAL BOTTOM wEIGHT
4. PACKAGE DEPTH 8. DECK HORIZ. FURCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 it 5 6 7 8 9 10 11 12 13 1
FEET KIPS KIPS FEET 'JEG DEG DEG KIPS FEET LBS FEET FEET FEET FE
0.0 23.8 4*40* 44444 44444 44444 L2.3 23.3 251.0 10476.4. *44* 444 *4*4 36
2.0 'i.b *.*** *4*4* *4*4 44 10.3 46.4 bb. 7054.3 4*** e4e44 *4444 36
4.1i 65.1 944 44 44 *4 .8 64..2 109.6 4.500.7 4*4 444 *4 36
6 .f 83.1 4444 4*4 44444 4*44 9.d 81.9 45 .b 1455.6 44444 4*44* 4 4 36
8.5 94.8 4444* ** *4* 4*4 9.5 93.5 0.0 0.0 *44€4 44444 *444 36

NOTE- ALL PULL LINE AND CHAIN IS OFF b0TTO" AT 8.5 FEET
Ic.9 63.2 4*444 4*,*4 444* #** 0 10. !5 6z.O1 99.9 4.015.d 44 4 36
12.8 78.Z 44 44 44 44 10.G 77.1 1)d. 5 A942.3 444 444 44 36
14.9 83.6 444 4** 444 444 10.0 82.3 31.9 1014.0 4444 4444 444 36
16.9 97.7 444 444 444 *4 9.8 96.3 0.0 0.0 444 444 444 36
NOTE- ALL PULL LINE AND CHAIN IS OFF BOTTOM AT 16.9 FEET
18.1 1C5.9 *444* 44444 ****4 0***4 9.0 104.6 0.0 0.0 444 444 4* 36
NOTE- ALL PULL LINE AND CHAIN IS OFF BOTTOM AT 18.1 FEET
19.8 107. *444* 40** 4*44* #*444 8.8 106.2 0.0 0.0 44444 *4444 44444 36
NOTE- ALL PULL LINE AND CHAIN IS OFF BOTTOM AT 19.8 FEET
22.6 84.1 *444 *444* 4q444 *4444 9.8 82.9 40.6 1291.0 4444* 4*44 44444 36
24.6 84.1 *4 44 4 44 9.8 82.9 40.6 1291.0 44444 *4444 44444 36
27.3 85.0 *4044 44444 444*4 4** 10.3 83.7 12. 395.5 **444 44*40 44444 36
29.0 116.1 $*4* 44444 9*4*4 9.5 114.6 0.0 0.0 44444 4€* 44444 36
NOTE- ALL PULL LINE AND CHAIN IS OFF BOTTOM AT 29.0 FEET
29.2 107.9 44*44 *44*4 *444 #*0 8.3 106.8 1.5 47.9 4*4* 4444* 0*444 36
32.3 111.6 *4* 0044 4**€4 4*44€ 9.0 116.2 0.0 0.0 4*44 44444 44444 36
NOTE- ALL PULL LINE AND CHAIN IS OFF BOTTOM AT 32.3 FEET

DISTANCE BARGE TRAVELLED 32.0
DISTANCh ANCHOR TRAVELLED 32.3

NOTE - POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOw

CROWN

t

/ ..--* --. ~*



Da # - 88 INNER APRA HARBOR, GUAM.
Test No. - 22
Test Seri.es No. 0 .stockLess 20000 Lbs stabLLzLed, 48 deg
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R APRA HARBOR, GUAM.
stockLess 20000 Lbs stabLLzLed, 48 deg movabLe fLukes
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STOCKLESS ANCHOR TEST

TEST DATE 88
TEST NO. 23
TEST RUN 0
TEST AREA INNER APRA HARBOR, GUAM.
START-END TIMES 1635 - 1650
SEAFLOOR TYPE
ANCHOR TYPE STOCKLESS 20000 LBS STABLIZIED, 48 DEG MOVABLE FLUKES
ANCHOR WEIGHT 22000.00 LB.
FLUKE ANGLE-TYPE, 48.00 DEC. - 0 0-MOV I-FIX
MOORING LINE DESCRIPTION 54 FT. 2.0 IN. CHAIN, 82 FT. 2.5 IN. CHAIN,

186 FT. 2.25 IN. CHAIN, 340 FT. 2.0 IN. IdRC ROPE.

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. WATER DEPTH
3. ANCHOR TENSION 7. WIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15. TOTAL BOTTOM WEIGHT
4. PACKAGE DEPTH 8. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11 12 13 L4
FEET KIPS KIPS FEET DEG )EG DEG KIPS FEET LBS FEET FEET FEET FEET
O.C 39.4 9*999 *9 999 9*99* 10.8 38.7 194. 8186.6 *9*9* *999 99*99 36.5
2.0 4.5.2 999 9*9 999 9* 10.8 4.4' 167.5 7098.8 99 99* 999 36.S
14.0 66.6 99*9 *999* *99*9 *999 10.0 65.6 98.9 3967.6 *999* 9*999 99999 36.5
5.5 71.9 99* 9*9 *99 *99 9.5 70.9 92.8 3657.9 9*9 *** 99* 36.5
7.7 18.7 *9*9* 9*99* 999*9 9*990 9.5 77.6 70.3 2535.0 99* 999*9 9999* 36.5
9.8 84..1 *9** 9*9*9 9** 9.5 82.9 52.0 1652.7 9999 *999* *9* 36.
11.1 4C.9 *9*99 * 9*9*9 99 9.3 89.7 29.0 921.0 99 *9 999 36.5
13.8 96.7 0** * 9** 99*9 9.3 95.5 0.0 0.0 9999* 9*999 9*99* 36.S
NOTF- ALL OULL LINE AND CHAIN IS OFF 6JTTOM AT 13.8 FEET
14. 3 'id.1 o**$ *999 9*9#* t99* ~.3 97.2 4.5.4 144'2.6 *99 *99 *9* 36.5
16.3 101.4 9*90* *9*9* 9*999 999*9 7.8 106.9 30.8 980.3 *9*99 9*99* 999*9 36.5'
18. 111L.8 9*99* 99*9 *** *4** 7.4 110.8 14..3 '.56.0 *99* *999 40*9 36.
20.3 11. 9*9*$ 99999 **** 9*** 7.8 111.2 12.3 390. so*** *9* 36.5
2- 116.6 **UL o*E * *99* *9* 8.0 115.5 0.0 0.0 36.
NOTE- ALL PULL LINE AND CHAIN IS OFF BOTTOM AT 22.6 FEET
24.7 121.5 $*o* *9*99 9*94* 9*9** 8.0 120.3 0.0 0.0 #00#* 9*999 9*9*9 36.5
NOTE- ALL PULL LINE AND CHAIN IS OFF BOTTOM AT 2'.7 FEET

CISTANCE BARGE TRAVELLED 26.0
DISTANCE ANCHOR TRAVELLED 24.7

NOTE -POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOW
CROWN
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Daj # - 88 INNER APRA HARBOR, GUAM.
Test No. 23 stockLess 20000 Lbs tabLLzLed, 48 deg
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APRA HARBOR, GUAM.
stockLess 20000 ILbs stabLLzLed, 48 deg movabLe fLukes
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Norfolk, VA
NATL RESEARCH COUNCIL Naval Studies Board, Washington DC
NAVACT PWO. London UK
NAVAEROSPREGMEDCEN SCE, Pensacola FL
NAVCHAPGRU CO Williamsburg VA
NAVCOASTSYSCEN Code 719. Panama City, FL; Code 772 (C B Koesy) Panama City FL
NAVCOASTSYSTCTR CO. Panama City FL: Code 713 (J. Quirk) Panama City, FL; Code 715 (J. Mittleman)

Panama City, FL; Library Panama City, FL
NAVCOMMAREAMSTRSTA PWO. Norfolk VA; PWO. Wahiawa HI; SCE Unit I Naples Italy
NAVCOMMSTA Code 401 Nea Makri, Greece: PWO, Exmouth. Australia
NAVEDTRAPRODEVCEN Tech. Library
NAVELEXSYSCOM Code PME-124-61. Washington DC
NAVENVIRHLTHCEN CO. Norfolk, VA
NAVEODFAC Code 605. Indian Head MD
NAVFAC PWO. Centerville Bch. Ferndale CA
NAVFACENGCOM Code 043 Alexandria. VA; Code 044 Alexandria. VA; Code 0451 Alexandria, VA; Code

0453 (D. Potter) Alexandria. VA: Code 0453C. Alexandria. VA: Code 0454B Alexandria, Va; Code 04B3
Alexandria. VA: Code 04B5 Alexandria. VA; Code 06. Alexandria VA; Code 100 Alexandria. VA; Code
1002B (J. Leimanis) Alexandria. VA; Code 1113 (T. Stevens) Alexandria. VA; Code 1113 Alexandria. VA;
Morrison Yap, Caroline Is.: PC-2 Alexandria, VA

NAVFACENGCOM - CHES DIV. Code 402 (D Scheesele) Washington. DC; Code 405 Wash. DC; Cod FPO-I
Wash. DC: Code FPO-IIP, Wash. DC; Code FPO-IE. Wash. DC; FPO-I (Spencer) Wash. DC; FPO-I
Wash, DC

NAVFACENGCOM - LANT DIV. Eur. BR Deputy Dir, Naples Italy: European Branch. New York;
RDT&ELO 102, Norfolk VA

NAVFACENGCOM - NORTH DIV. (Boretsky) Philadelphia. PA; CO; Code 09P (I-CDR A.J. Stewart); Code
1028. RDT&ELO. Philadelphia PA: Design Div. (R. Masino). Philadelphia PA; ROICC. Contracts. Crane
IN

NAVFACENGCOM - PAC DIV. Code 2011 Pearl Harbor. HI: Code 402, RDT&E. Pearl Harbor HI;
Commander, Pearl Harbor, HI

NAVFACENGCOM - SOUTH DIV. Code 90. RDT&ELO. Charleston SC
NAVFACENGCOM - WEST DIV. Code 04B San Bruno, CA; 09P/20 San Bruno, CA; RDT&ELO Code 2011

San Bruno. CA
NAVFACENGCOM CONTRACT Eng Div dir, Southwest Pac. Manila, PI: OICC. Southwest Pac. Manila. Pi;

ROICC. Keflavik. Iceland
NAVFORCARIB Commander (N42). Puerto Rico
NAVOCEANO Code 1600 Bay St. Louis, MS; Code 3432 (J. DePalma). Bay St. Louis MS
NAVOCEANSYSCEN Code 41. San Diego. CA: Code 4473 Bayside Library, San Diego. CA; Code 52 (H.

Talkington) San Diego CA; Code 5204 (J. Stachiw), San Diego, CA; Code 5214 (H. Wheeler), San Diego
CA; Code 5221 (R.Jones) San Diego Ca; Code 5311 San Diego. CA; Tech. Library, Code 447

NAVPGSCOL Code 61WL (0. Wilson) Monterey CA: D. Leipper, Monterey CA; E. Thornton, Monterey CA
NAVPHIBASE C 0 ACB ONE San Diego CA: CO. ACB 2 Norfolk, VA; COMNAVBEACHGRU TWO

Norfolk VA; Code S3T. Norfolk VA; Dir. Amphib. Warfare Brd Staff, Norfolk, VA; Harbor Clearance
Unit Two. Little Creek. VA

NAVREGMEDCEN SCE (D. Kaye); SCE, Guam
NAVSCOLCECOFF C35 Port Hueneme, CA
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NAVSEASYSCOM Code OOC-DG DiGeorge, Washington, DC; Code 0325, Program Mgr, Washington, DC;
Code OOC (LT R. MacDougal), Washington DC; Code OOC-D. Washington, DC; Code PMS 395 A 3,
Washington, DC; Code PMS 395 A2. Washington. DC; Code SEA OOC Washington. DC

NAVSEC Code 6034 (Library). Washington DC
** NAVSECGRUACT PWO. Adak AK

NAVSHIPREPFAC Library, Guam; SCE Subic Bay
NAVSHIPYD; Code 202.4, Long Beach CA; Code 202.5 (Library) Puget Sound, Bremerton WA; Code 400,

Puget Sound; Code 440 Portsmouth NH; Code 440, Puget Sound, Bremerton WA; L.D. Vivian; Salvage
Supt. Phila., PA; Tech Library, Vallejo. CA

NAVSTA CO Naval Station, Mayport FL; CO Roosevelt Roads P.R. Puerto Rico; PWD (LTJG.P.M.
Motolenich), Puerto Rico; PWO Midway Island; PWO, Keflavik Iceland; PWO. Mayport FL; SCE, Guam;
SCE, Subic Bay, R.P.; Utilities Engr Off. (A.S. Ritchie), Rota Spain

NAVSUPPACT Code 413. Seattle WA; LTJG McGarrah. SEC. Vallejo, CA
NAVSTA Security Offr, San Francisco, CA
NAVSURFWPNCEN PWO, White Oak. Silver Spring. MD
NAVTECHTRACEN SCE, Pensacola FL
NAVWPNCEN Code 2636 (W. Bonner), China Lake CA
NAVWPNSTA Code 092, Colts Neck NJ
NAVWPNSTA PW Office (Code 09CI) Yorktown. VA
NAVWPNSTA PWO, Seal Beach CA
NAVWPNSUPPCEN Code 09 Crane IN
NCBU 405 OIC. San Diego, CA
NCBC Code 10 Davisville. RI; Code 155, Port Hueneme CA; Code 156. Port Hueneme. CA
NCR 20. Commander; FWD 30th CDR Diego Garcia Island
NMCB 5, Operations Dept.; 74. CO
NOAA Library Rockville. MD
NORDA Code 410 Bay St. Louis, MS; Code 440 (Ocean Rsch Off) Bay St. Louis MS; Code 500. Bay St. Louis.

MS
NRL Code 8400 Washington. DC; Code 8441 (R.A. Skop). Washington DC; Rosenthal. Code 8440, Wash. DC
NSD SCE, Subic Bay. R.P.
NTC OICC. CBU-401. Great Lakes IL
NUCLEAR REGULATORY COMMISSION T.C. Johnson, Washington, DC
NUSC Code 131 New London, CT; Code EA123 (R.S. Munn). New London CT; Code S332, B-80 (J. Wilcox);

Code TAI31 (G. De la Cruz). New London CT
OCEANAV Mangmt Info Div.. Arlington VA
OCEANSYSLANT LT A.R. Giancola, Norfolk VA
OFFICE SECRETARY OF DEFENSE ASD (MRA&L) Code CSS/CC Washington. DC
ONR (Dr. E.A. Silva) Arlington, VA; Central Regional Office, Boston. MA; Code 481, Arlington VA; Code

481. Bay St. Louis. MS; Code 700F Arlington VA; Dr. A. Laufer, Pasadena CA
PHIBCB I P&E, Coronado. CA
PMTC Code 3144, Point Mugu. CA; Code 3331 (S. Opatowsky) Point Mugu. CA; EOD Mobile Unit, Point

Mugu. CA; Pat. Counsel. Point Mugu CA
PWC CO Norfolk. VA; CO. (Code 10). Oakland, CA; CO, Great Lakes IL; Code 10, Great Lakes, IL; Code

120, Oakland CA; Code 120C, (Library) San Diego. CA; Code 128, Guam; Code 154. Great Lakes, IL;
Code 200. Great Lakes IL; Code 220.1. Norfolk VA; Code 30C. San Diego. CA; Code 400. Great Lakes.
IL; Code 400, Pearl Harbor. HI; Code 400. San Diego. CA; Code 420, Great Lakes. IL; Code 420,
Oakland, CA; Code 700, San Diego, CA

UCT TWO OIC, Norfolk, VA; OIC, Port Hueneme CA
U.S. MERCHANT MARINE ACADEMY Kings Point. NY (Reprint Custodian)
US DEPT OF INTERIOR Bureau of Land MNGMNT - Code 733 (T.E. Sullivan) Wash, DC
US GEOLOGICAL SURVEY Off. Marine Geology. Piteleki. Reston VA
US NATIONAL MARINE FISHERIES SERVICE Highlands NY (Sandy Hook Lab-Library)
US NAVAL FORCES Korea (ENJ-P&O)
USCGo (G-ECV) Washington Dc; (G-MP-3/USP/82) Washington Dc; (Smith), Washington, DC; G-EOE-4/61 (T.

Dowd). Washington DC
USCG R&D CENTER CO Groton, CT; D. Motherway, Groton CT; Tech. Dir. Groton. CT
USDA Forest Service. San Dimas. CA
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USNA Ch. Mech. Engr. Dept Annapolis MD: Ocean Sys. Eng Dept (Dr. Monney) Annapolis. MD; Civil Engr
Dept (R. Erchyl) Annapolis MD; PWD Engr. Div. (C. Bradford) Annapolis MD

AMERICAN CONCRETE INSTITUTE Detroit MI (Library)
AMERICAN UNIVERSITY Washington DC (M. Norton)
CALIF. DEPT OF FISH & GAME Long Beach CA (Marine Tech Info Ctr)
CALIF. DEPT OF NAVIGATION & OCEAN DEV. Sacramento, CA (G. Armstrong)
CALIF. MARITIME ACADEMY Vallejo, CA (Library)
CALIFORNIA INSTITUTE OF TECHNOLOGY Pasadena CA (Keck Ref. Rm)
CALIFORNIA STATE UNIVERSITY LONG BEACH. CA (CHELAPATI); LONG BEACH, CA (YEN): LOS

ANGELES. CA (KIM)* .CATHOLIC UNIV. Mech Engr Dept, Prof. Niedzwecki, Wash., DC
COLORADO STATE UNIV., FOOTHILL CAMPUS Fort Collins (Nelson)
CORNELL UNIVERSITY Ithaca NY (Serials Dept, Engr Lib.)

*DAMES & MOORE LIBRARY LOS ANGELES. CA
DUKE UNIV MEDICAL CENTER B. Muga, Durham NC; DURHAM, NC (VESIC)
FLORIDA ATLANTIC UNIVERSITY Boca Raton FL (W. Hartt) Boca Raton FL (W. Tessin): Boca Raton,

FL (McAllister)
FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO, FL (HARTMAN)
GEORGIA INSTITUTE OF TECHNOLOGY Atlanta GA (School of Civil Engr.. Kahn); Atlanta GA (B.

Mazanti)
INSTITUTE OF MARINE SCIENCES Morehead City NC (Director)
IOWA STATE UNIVERSITY Ames IA (CE Dept. Handy)
WOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA (Winget)
KEENE STATE COLLEGE Keene NH (Cunningham)
LEHIGH UNIVERSITY BETHLEHEM, PA (MARINE GEOTECHNICAL LAB.. RICHARDS): Bethlehem

PA (Fritz Engr. Lab No. 13. Beedle); Bethlehem PA (Linderman Lib. No.30, Flecksteiner)
MAINE MARITIME ACADEMY CASTINE, ME (LIBRARY)
MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton, MI (Haas)
MIT Cambridge MA; Cambridge MA (Rm 10-50, Tech. Reports, Engr. Lib.); Cambridge MA (Whitman)
NATL ACADEMY OF ENG. ALEXANDRIA. VA (SEARLE, JR.)
NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM
NORTHWESTERN UNIV Z.P. Bazant Evanston IL
OREGON STATE UNIVERSITY (CE Dept Grace) Corvallis, OR: CORVALLIS, OR (CE DEPT. BELL):

Corvalis OR (School of Oceanography)
PENNSYLVANIA STATE UNIVERSITY STATE COLLEGE, PA (SNYDER): State College PA (Applied

Rsch Lab): UNIVERSITY PARK. PA (GOTOLSKI)

PURDUE UNIVERSITY Lafayette IN (Leonards): Lafayette, IN (Altschaeffl); Lafayette, IN (CE Engr. Lib)
SAN DIEGO STATE UNIV. I. Noorany San Diego, CA: Dr. Krishnamoorthy. San Diego CA
SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA, CA (ADAMS)
SEATTLE U Prof Schwaegler Seattle WA
SOUTHWEST RSCH INST King, San Antonio, TX; R. DeHart, San Antonio TX
STANFORD UNIVERSITY Engr Lib. Stanford CA
STATE UNIV. OF NEW YORK Buffalo, NY; Fort Schuyler, NY (Longobardi)

TEXAS A&M UNIVERSITY College Station TX (CE Dept. Herbich): W.B. Ledbetter College Station. TX
UNIVERSITY OF CALIFORNIA BERKELEY, CA (CE DEPT, GERWICK); BERKELEY, CA (CE DEPT,

MITCHELL); Berkeley CA (B. Bresler); Berkeley CA (Dept of Naval Arch.); Berkeley CA (E. Pearson);
DAVIS. CA (CE DEPT, TAYLOR): La Jolla CA (Acq. Dept. Lib. C-075A): M. Duncan. Berkeley CA;
SAN DIEGO. CA. LA JOLLA. CA (SEROCKI)

UNIVERSITY OF CONNECTICUT Groton CT (Inst. Marine Sci, Library)
UNIVERSITY OF DELAWARE Newark. DE (Dept of Civil Engineering, Chesson)
UNIVERSITY OF HAWAII HONOLULU, HI (SCIENCE AND TECH. DIV.): Honolulu HI (Dr. Szilard);

Ocean Engrng Dept
UNIVERSITY OF ILLINOIS Metz Ref Rm. Urbana IL: URBANA. IL (DAVISSON): URBANA, IL

(LIBRARY): URBANA. IL (NEWMARK)
*| UNIVERSITY OF MASSACHUSETTS (Heronemus), Amherst MA CE Dept

UNIVERSITY OF MICHIGAN Ann Arbor MI (Richart)
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.)
UNIVERSITY OF NEW HAMPSHIRE DURHAM, NH (LAVOIE)
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UNIVERSITY OF NOTRE DAME Katona, Notre Dame, IN

UNIVERSITY OF PENNSYLVANIA PHILADELPHIA. PA (SCHOOL OF ENGR & APPLIED SCIENCE,ROLL)

UNIVERSITY OF RHODE ISLAND KINGSTON, RI (PAZIS); Narragansett RI (Pell Marine Sci. Lib.)
UNIVERSITY OF SO. CALIFORNIA Univ So. Calif
UNIVERSITY OF TEXAS Inst. Marine Sci (Library), Port Arkansas TX
UNIVERSITY OF TEXAS AT AUSTIN Austin TX (R. Olson)
UNIVERSITY OF WASHINGTON Seattle WA (M. Sherif); Dept of Civil Engr (Dr. Mattock). Seattle WA;

SEATTLE, WA (APPLIED PHYSICS LAB); SEATTLE, WA (MERCHANT); SEATTLE, WA (OCEAN
ENG RSCH LAB, GRAY); SEATTLE, WA (PACIFIC MARINE ENVIRON. LAB.. HALPERN); Seattle
WA (E. Linger); Seattle, WA Transportation, Construction & Geom. Div

VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library)
ALFRED A. YEE & ASSOC. Honolulu HI
AMETEK Offshore Res. & Engr Div
AMSCO Dr. R. McCoy, Erie, PA
ARCAIR CO. D. Young. Lancaster OH
ARVID GRANT OLYMPIA. WA
ATLANTIC RICHFIELD CO. DALLAS. TX (SMITH)
BATTELLE-COLUMBUS LABS (D. Hackman) Columbus. OH
BECHTEL CORP. SAN FRANCISCO. CA (PHELPS)
BETHLEHEM STEEL CO. Dismuke, Bethelehem, PA
BOUW KAMP INC Berkeley
BRAND INDUS SERV INC. J. Buehler, Hacienda Heights CA
BRITISH EMBASSY Sci. & Tech. Dept. (J. McAuley). Washington DC
BROWN & CALDWELL E M Saunders Walnut Creek, CA
BROWN & ROOT Houston TX (D. Ward)
CANADA Can-Dive Services (English) North Vancouver; Library. Calgary, Alberta: Lockheed Petro. Serv.

Ltd. New Westminster B.C.; Lockheed Petrol. Srv. Ltd., New Westminster BC; Mem Univ Newfoundland
(Chari), St Johns; Nova Scotia Rsch Found. Corp. Dartmouth, Nova Scotia; Surveyor, Ncnninger &
Chenevert Inc.. Montreal; Trans-Mnt Oil Pipe Lone Corp. Vancouver. BC Canada; Warnock Hersey Prof.
Srv Ltd. La Sale. Quebec

CHEVRON OIL FIELD RESEARCH CO. LA HABRA, CA (BROOKS)
COLUMBIA GULF TRANSMISSION CO. HOUSTON, TX (ENG. LIB.)
CONCRETE TECHNOLOGY CORP. TACOMA, WA (ANDERSON)
CONTINENTAL OIL CO 0. Maxson. Ponca City, OK
DILLINGHAM PRECAST F. McHale, Honolulu HI
EVALUATION ASSOC. INC KING OF PRUSSIA. PA (FEDELE)
EXXON PRODUCTION RESEARCH CO Houston. TX (Chao)
FRANCE Dr. Dutertre. Boulogne; L. Pliskin. Paris; P. Jensen. Boulogne; Roger LaCroix. Paris
GEOTECHNICAL ENGINEERS INC. Winchester, MA (Paulding)
GOULD INC. Shady Side MD (Ches. Inst. Div., W. Paul)
GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctr)

HALEY & ALDRICH. INC. Cambridge MA (Aldrich, Jr.)
ITALY M. Caironi. Milan: Sergio Tattoni Milano
LAMONT-DOHERTY GEOLOGICAL OBSERV. Palisades NY (McCoy); Palisades NY (Selwyn)
LIN OFFSHORE ENGRG P. Chow. San Francisco CA
LOCKHEED MISSILES & SPACE CO. INC. L. Trimble. Sunnyvale CA; Sunnyvale CA (Rynewicz);

Sunnyvale, CA (K.L. Krug)
LOCKHEED OCEAN LABORATORY San Diego CA (F. Simpson)
MARATHON OIL CO Houston TX
MARINE CONCRETE STRUCTURES INC. MEFAIRIE, LA (INGRAHAM)
MC CLELLAND ENGINEERS INC Houston TX (B. McClelland)
MEXICO R. Cardenas
MOBIL PIPE LINE CO. DALLAS. TX MGR OF ENGR (NOACK)
MOFFATT & NICHOL ENGINEERS (R. Palmer) Long Beach. CA
NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)
NORWAY A. Torum. Trondheim; DET NORSKE VERITAS (Library). Oslo; DET NORSKE VERITAS

(Roren) Oslo: I. Foss, Oslo; J. Creed. Ski: Norwegian Tech Univ (Brandtzaeg). Trondheim
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OCEAN ENGINEERS SAUSALITO, CA (RYNECKI)
OCEAN RESOURCE ENG. INC. HOUSTON, TX (ANDERSON)
PACIFIC MARINE TECHNOLOGY Duvall, WA (Wagner)
PRESCON CORP TOWSON, MD (KELLER)
R J BROWN ASSOC (McKeehan), Houston, TX
RAND CORP. Santa Monica CA (A. Laupa)
RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept. Pennsauken. NJ
RIVERSIDE CEMENT CO Riverside CA (W. Smith)
SANDIA LABORATORIES Library Div., Livermore CA; Seabed Progress Div 4536 (D. Talbert) Albuquerque

NM
SEATECH CORP. MIAMI, FL (PERONI)
SHELL DEVELOPMENT CO. Houston TX (C. Sellars Jr.); Houston TX (E. Doyle)
SHELL OIL CO. HOUSTON, TX (MARSHALL); Houston TX (R. de Castongrene); 1. Boaz, Houston TX
SWEDEN GeoTech Inst; VBB (Library), Stockholm
TECHNICAL COATINGS CO Oakmont PA (Library)
TIDEWATER CONSTR. CO Norfolk VA (Fowler)
TRW SYSTEMS CLEVELAND, OH (ENG. LIB.); REDONDO BEACH, CA (DAI)
UNITED KINGDOM A. Denton, London; Library, Bristol; R. Browne. Southall, Middlesex; Taylor.

Woodrow Constr (014P), Southall. Middlesex; Univ. of Bristol (R. Morgan), Bristol
WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib. Bryan)
WESTINTRUCORP Egerton, Oxnard, CA
WM CLAPP LABS - BATTELLE DUXBURY. MA (LIBRARY); Duxbury, MA (Richards)
WOODWARD-CLYDE CONSULTANTS (A. Harrigan) San Francisco; PLYMOUTH MEETING PA (CROSS.

III)
AL SMOOTS Los Angeles. CA
ANTON TEDESKO Bronxville NY
BARA, JOHN P. Lakewood. CO
BRAHTZ La Jolla. CA
BULLOCK La Canada
F. HEUZE Alamo, CA
LAYTON Redmond, WA
WM TALBOT Orange CA
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